WORLD INTO-LECTUAL PROPERTY OROANIZAHON 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
C07K 14/705, C12N 15/10, 15/12 



Al 



(II) International Publication Number: WO 98/38217 

(43) Intemati nal Publication Date: 3 September 1998 (03.09.98) 



(21) International Application Number: PCr/US98/03991 

(22) International FUing Date: 27 February 1998 (27.02.98) 



(30) Priority Data: 

60/039.465 
60/061,268 



27 Februaiy 1997 (27.02.97) US 
7 Ctotober 1997 (07.10.97) US 



(71)(72) Applicants and Inventors: TEITLER, Milt [US/US]; 
24 Journey Lane, Glenmont, NY 12077 (US). HER- 
RICK-DAVIS. Katharine [US/US]; 4020 Windsor Drive, 
Niskayuna, NY 12309 (US). EGAN, Oiristina, C. [US/US]; 
91-H Kcnnsington Court, Guilderland, NY 12084 (US). 

(74) Agent: WEINBERGER. Laurence; Suite 103. 882 Matlack 
Street. P.O. Box 1663. West Chester. PA 19380 (US). 



(81) Designated States: AU. BR. CA, CN, CZ, IL, JP. KR. MX. 
NO. NZ. PL. RU. European patent (AT, BE. CH. DE. DK. 
ES. FI. FR, GB. GR, IE. IT, LU. MC. NL. PT, SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Titie: CONSTITUnVELY ACTIVATED SEROTONIN RECEPTORS 



(57) Abstract 

Mutations have been discovered in mammalian G protein-coupled serotonin 5-HT2A and S-HTtc receptors which render the mutated 
rec^tors constitutively active. An alignment methodology based on the higJUy conserved sixth transmembrane domain has been discovered 
for the monoamine receptors whidi accurately predicts the amino acid position in tfie third intracellular loop which, when mutated, 
produces constitutive activation of the receptor. Constitutive activation of flie G protein-coupled serotonin receptors has been shown by the 
demonstration of an enhanced affinity and potency for s^tonin, by increased basal activity of the second messenger system in the absence 
of agonist, and by reduction of the basal second messenger activity by inverse agonists. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphlets publishing international ^plications under the PCX. 



AL 


Albania 


BS 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


ArmenU 


FI 


Finland 


LT 




SK 
SN 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


Senegal 


AU 


Australia 


OA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azett»aijaii 


GB 


United Kingdom 


MC 


Monaco 


TD 


Oiad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Baibados 


GH 


<9iana 


MG 


Madagascar 


TJ 


Ta^kistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Tknkmenistan 


BF 


Burkina Faso 


GR 


Greece 




R^rablic of Macedonia 


TR 


TViricey 


BG 


Bulgaria 


HU 


Hnngaxy 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


beland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belanis 


IS 


fceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Centra] African Republic 


JP 


J^kan 


N£ 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Ne&erlands 


YU 


Yugoslavia 


CH 


Switzeriand 


KG 


Kyigyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


COte d*Ivoite 


KP 


Democratic Peopled 


NZ 


New Zealand 






CM 


Csntetoon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Loda 


RU 


Russian Federation 






DE 


Gennany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


uc 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 




Liberia 


SG 


Singapore 







wo 98/38217 PCT/US98/03991 

1 

CONSTITUTIVELY ACTIVATED SEROTONIN RECEPTORS 

The benefit of U.S. Provisional Application No. 60/039,465 filed February 
27, 1997, and U.S. Provisional Application No. 60/061,268 filed October 7, 
1997 is claimed for this application. 
5 BACKGROUND OF THE INVENTION 

Field Of The Invention 

The present invention relates generally to the field of transmembrane 
receptors, more particularly to seven segment transmembrane G protein-coupled 
receptors, and most particularly to the serotonin (5-HT) receptors. Through 

10 genetic mutational techniques, the amino acid sequences of the native 5-HT2A and 
5-HT2C receptors have been modified so that the receptors exist in a constitutively 
activated state exhibiting both a greater response to agonists and a coupling to 
the G Protein second messenger system even in the absence of agonist. A 
method for constitutively activating G protein-coupled 5-HT receptors in general is 

15 also disclosed. 

Description Of Re lated Art 

The research interest in G protein-coupled cell surface receptors has 
exploded in recent years as it has been apparent that variants of these receptors 
play a significant role in the etiology of many severe human diseases. These 

20 receptors serve a diverse array of signalling pathways in a wide variety of ceils 
and tissue types. Indeed, over the past 20 years, G protein-coupled receptors 
have proven to be excellent therapeutic targets with the development of several 
hundred drugs directed towards activating or deactivating them. 

G protein-coupled receptors form a superfamily of receptors which are 

25 related both in their structure and their function. Structurally the receptors are 
large macromolecular proteins embedded in and spanning the cell membrane of 
the receiving cell and are distinguished by a common structural motif. Ail the 
receptors have seven domains of between 22 to 24 hydrophobic amino acids 
forming seven a helixes arranged in a bundle which span the cell membrane 

30 substantially perpendicular to the cell membrane. The transmembrane helixes are 
joined by chains of hydrophilic amino acids. The amino terminal and three 
connecting chains extend into the extracellular environment while the carboxy 
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terminal and three connecting chains extend into the intracellular environnnent. 
Signalling molecules are believed to be recognized by the parts of the receptor 
which span the membrane or lie on or above the extracellular surface of the cell 
membrane. The-third intracellular loop joining helixes five and six is thought to be 
5 the most crucial domain involved in receptor/G protein coupling and responsible 
for the receptor selectivity for specific types of G proteins. 

Functionally, all the receptors transmit the signal of an externally bound 
signalling molecule across the cell membrane to activate a heterotrimeric 
transducing protein which binds GDP (guanosine diphosphate). Upon activation, 

10 the bound GDP is converted to GTP (guanosine triphosphate). The activated G 
protein complex then triggers further intracellular biochemical activity. Different G 
proteins mediate different intracellular activities through various second 
messenger systems including, for example, 3'5'-cyclic AMP (cAMP), 3'5'-cyclic 
GMP (cGMP), 1,2-diacy!glycerol, inositol 1,4,5-triphosphate, and Ca^"^. Within the 

15 human genome, several hundred G protein-coupled receptors have been identified 
and endogenous ligands are known for approximately 100 of the group. While the 
seven transmembrane motif is common among the known receptors, the amino 
acid sequences vary considerably, with the most conserved regions consisting of 
the transmembrane helixes. 

20 Binding of a signalling molecule to a G protein-coupled receptor is believed 

to alter the conformation of the receptor, and it is this conformational change 
which is thought responsible for the activation of the G protein. Accordingly, G 
protein-coupled receptors are thought to exist in the cell membrane in equilibrium 
between two states or conformations: an **inactive*' state and an "active" state. 

25 in the "inactive" state (conformation) the receptor is unable to link to the 

intracellular transduction pathway and no biological response is produced. In the 
altered conformation, or "active" state, the receptor is able to link to the 
intracellular pathway to produce a biological response. Signalling molecules 
specific to the receptor are believed to produce a biological response by 

30 stabilizing the receptor in the active state. 

Discoveries over the past several years have shown that G protein-coupled 
receptors can also be stabilized in the active conformation by means other than 
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binding with the appropriate signal molecule. Four principal nnethods have been 
identified: 1) molecular alterations in the amino acid sequence at specific sites; 2) 
stimulation with anti-peptide antibodies; 3) over-expression in in vitro systems; 
and 4) over-expression of the coupling G proteins. These other means simulate 
5 the stabilizing effect of the signalling molecule to keep the receptor in the active, 
coupled, state. Such stabilization in the active state is termed "constitutive 
receptor activation". 

Several features distinguish the constitutively activated receptors. First, 
they have an affinity for the native signalling molecule and related agonists which 

10 is typically greater than that of the native receptors. Second, where several 
known agonists of varying activity (to the native receptor) were known, it was 
found that the greater the initial activity of the agonist, the greater was the 
increase in its affinity for the constitutively activated receptor. Third, the affinity 
of the constitutively activated receptor for antagonists is not increased over the 

15 affinity for the antagonist of the native receptor. Fourth, the constitutively 
activated receptors remain coupled to the second messenger pathway and 
produce a biological response even in the absence of the signalling molecule or 
other agonist. 

The importance of constitutively activated receptors to biological research 
20 and drug discovery cannot be overstated. First, these receptors provide an 
opportunity to study the structure of the active state and provide insights into 
how the receptor is controlled and the steps in receptor activation. Second, the 
constitutively active receptors allow study of the mechanisms by which coupling 
to G proteins is achieved as well as how G protein specificity is determined. 
25 Third, mutated constitutively active receptors are now recognized in disease 
states. Study of constitutively activated receptors has demonstrated that many 
mutations may lead to constitutive activation and that a whole range of activation 
is possible. 

Fourth, the existence of constitutively active receptors provides a novel screening 
30 mechanism with which compounds which act to increase or decrease receptor 
activity can be identified and evaluated. Such compounds may become lead 
compounds for drug research. Finally, studying the affect of classical antagonists 
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(compounds previously identified as, in the absence of agonist, binding to the 
receptor but causing no change in receptor activitiy, and, in the presence of 
agonist, competitively decreasing the activity of a receptor) and other drugs used 
as treatments on the constitutively active receptors has led to the discovery that 
5 there are compounds, inverse agonists, which decrease the constitutive activity 
of the active state of the receptors but which have no or little affect on the 
inactive state. The difference between antagonists, which act on the inactive 
state, and Inverse agonists, which act on the active state, is only discernable 
when the receptor exhibits constitutive activity. These inverse agonists, 

10 identifiable with constitutively active receptors, present an entirely new class of 
potential compounds for drug discovery. 

About 10 years ago, it was recognized that neurotransmitter receptors can 
be divided Into two general classes depending on the rapidity of their response. 
Fast receptors were identified with ion channels and mediate millisecond 

15 responses while slower receptors were identified with G protein-coupled 

receptors. These G protein-coupled receptors include certain subtypes of the 
adrenergic as well as the muscarinic cholinergic (Ml - M5), dopaminergic (D1 - 
D5), serotonergic (5-HT1, 5-HT2, 5-HT4 - 5-HT7) and opiate {6, k, and //) 
receptors. Each of these G protein-coupled neurotransmitter receptors has been 

20 associated with profound changes in mental activity and functioning, and it is 
believed that abnormal activity of these receptors may contribute to certain 
psychiatric disorders. Consequently, the elucidation of the mechanism of action 
of these receptors has been the focus of vigorous research efforts. 

Serotonin receptors are of particular importance. Serotonin-containing cell 

25 bodies are found at highest density in the raphe regions of the pons and upper 
brain stem. However, these cells project into almost all brain regions and the 
spinal column. Serotonin does not cross the blood-brain barrier and is synthesized 
directly in neurons from L-tryptophan. In the CNS serotonin is thought to be 
involved in learning and memory, sleep, thermoregulation, motor activity, pain, 

30 sexual and aggressive behaviors, appetite, neuroendocrine regulation, and 
biological rhythms. Serotonin has also been linked to pathophysiological 
conditions such as anxiety, depression, obsessive*compulsive disorders. 
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schizophrenia, suicide, autism, migraine, emesis, alcoholism and 
neurodegenerative disorders. Presently several drugs are used to modify serotonin 
receptors: 1) 5-HT1: sumatriptan for treatment of migraine, ipsapirone and 
buspirone for treatment of anxiety; 2) 5-HT2: clozapine and risperidone for 
5 treatment of schizophrenia; and 3) 5-HT3: odanestron for the prevention of 
emesis in chemotherapy. 

To date, fourteen serotonin receptors have been identified in 7 subfamilies 
based on structural homology, second messenger system activation, and drug 
affinity for certain ligands. The S-HTj subfamily is divided into 3 classes: S-HTja/ 

10 B-HTjBr and S-HTjc- B-HTja and 5-HT2c receptor antagonists are thought to be 

useful in treating depression, anxiety, psychosis, and eating disorders. B-HTja and 
S-HT^c receptors exhibit 51% amino acid homology overall and approximately 
80% homology in the transmembrane domains. The S-HTjc receptor was cloned 
in 1987 and led to the cloning of the 5-HT2A receptor in 1990. Studies of the 5- 

15 HT2A receptor in recombinant mammalian cell lines revealed that the receptor 
possessed two affinity states, high and low. Both the B-HT^a and 5-HT2C 
receptors are coupled to phospholipase C and mediate responses through the 
phosphatidylinositoi pathway. Studies with agonists and antagonists display a 
wide range of receptor responses suggesting that there is a wide diversity of 

20 regulatory mechanisms governing receptor activity. The 5-HT2A and 5-HT2C 

receptors have also been implicated as the site of action of hallucinogenic drugs. 

Much of the knowledge about the structure of G protein-coupled receptors 
has come from the study of the fi2'BdreneTQ\c receptor. Over the last several 
years, site-directed mutagenesis has been used to try to determine the amino acid 

25 residues Important for itgand binding in both the iffa-adrenergic and S-HTja 

receptors. In addition, studies have suggested that in a native (inactive) state of 
G protein-coupled receptors, the third intracellular loop is tucked into the receptor 
and is not available for interaction with the G protein. A change of receptor 
conformation (active) results in the availability or exposure of the C-termtnal 

30 r gion of the third intracellular loop. 

In 1990 Cotecchia et al.^ were studying the G protein specificity 
determining characteristics of the third intracellular loop by creating chimeric 
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receptors in which the third intracellular loops had been exchanged between the 
a^-adrenergic receptor and the fiz'Sdrenergic receptor. The specific G protein 
coupled activation was essentially switched between the two receptors. While 
attempting to deternnine which portions of the loop were responsible for the 
5 specificity, Cotecchia et al. discovered an unexpected phenomena; namely that 
the modification in the third intracellular loop of the a^-adrenergic receptor of 
three residues, Arg288, Lys290, and Ala293, created a mutant receptor with two 
orders of magnitude greater affinity for agonist and which coupled to the second 
messenger system even in the absence of agonist. These modifications were 

10 made in the carboxy end of the third cytoplasmic loop adjacent to the sixth 

transmembrane helix. The changes responsible for this increase were isolated to 
either a Ala293 Leu or a Lys290 -* His mutation. Thus, a constitutively active 
state of a G protein-coupled neuroreceptor had been created. Subsequently, 
Kjelsberg et al.^ demonstrated that mutation of the amino acid at position 293 in 

15 the aiB-adrenergic receptor to any other of the 19 amino acids also produced a 
constitutively active state. Subsequently, mutations in the ^2"adrenergic receptor 
near the carboxy end of the third cytoplasmic loop have also been shown by 
Samama et al.^ to constitutively activate this receptor. 

When foci resulting from constitutively active a^B'^drenergic receptors were 

20 injected into nude mice, tumor formation occurred. Over the past 5 years, since 
the discovery that several thyroid adenomas contained mutations of the thyroid 
stimulating hormone (TSH) receptor, constitutively activated receptors have been 
found associated with several human disease states. The mutations responsible 
for these disease states have been found in the transmembrane domains and 

25 intracellular loops. For the TSH receptor, mutations at 13 different amino acid 
positions have been found in the transmembrane domain, the third intracellular 
loop, and the second and third extracellular loops. Clearly, constitutively 
activating mutations are not limited to the third intracellular loop and the critical 
site for constitutive activation varies with each G protein-coupled receptor. The 

30 importance of the initial observations was well stated in Cotecchia et al.^: *'Such 
mutations might not only help to illuminate the biochemical mechanisms involved 
in receptor-G protein coupling but also provide models for how point mutations 
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might activate potentially oncogenic receptors." 

In light of the above referenced discoveries, the importance and utility of 
discovering other constitutively activated neuronal receptors cannot be 
understated. However, the hope that other neuronal receptors could be easily and 
5 readily mutated to a constitutively active form by mutations in the third 

cytoplasmic loop was destroyed by the report of Burstein et ai/ in 1995 of a 
comprehensive mutational approach to the G protein coupled M5 muscarinic 
acetylcholine receptor. In that approach, Burstein et al. had randomly and 
comprehensively mutated the C-terminal region of the third intracellular loop of 
10 the M5 muscarinic acetylcholine receptor, but no constitutive activating 
mutations were found. 

Definition : CONSTITUTIVELY ACTIVATED RECEPTOR shall mean a G protein- 
coupled receptor which: 1) exhibits an increase in basal activity of the second 
messenger pathway in the absence of agonist above the level of activity observed 

15 In the wild type receptor in the absence of agonist; 2) may exhibit an increased 
affinity and potency for agonists; 3) exhibits an unmodified or decreased affinity 
for antagonists; and 4) exhibits a decrease in basal activity by inverse agonists. 

SUMMARY OF THE INVENTION 
Constitutively active forms of the rat S-HTja and 5-HT2C serotonin receptors 

20 have been obtained by a site-directed mutational method that will permit the 

constitutive activation of all mammalian G protein-coupled serotonin receptors. An 
amino acid position that will lead to a successful mutation in the serotonin 
receptor may be identified by alignment of the serotonin receptor against the 
amino acid sequence of the c^B'^drenergic receptor. Mutating the amino acid In 

25 the serotonin receptor which corresponds to the most sensitive position In the 
a^B-adrenergic receptor, alanine 293, yields a constitutively active serotonin 
receptor. A strongly constitutively active serotonin receptor is achieved when the 
mutation in the serotonin receptor is to one of the amino acids which produces 
the highest level of basal activation in constitutively activated a^e-adrenergic 

30 receptors. Successful constitutive activation of the serotonin receptor can be 

shown by increased high basal levels of second messenger activity in the absence 
of agonist, increased affinity and potency for agonists, and an unmodified or 
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decreased affinity for antagonists. While standard nnethods of site-directed 
mutagenesis may be employed, the careful placement of restriction sites in the 
primer permits the more rapid and direct determination of the clone containing the 
desired mutated receptor. 

It is the object of this invention to provide a general methodology for 
obtaining constitutively active forms of the G protein-coupled mammalian 
monoamine receptors. 

It is a further object of this invention to provide a general methodology for 
obtaining constitutively active forms of the G protein-coupled mammalian 
serotonin receptors. 

It is another object of this invention to provide a constitutively active 5- 
HTjA serotonin receptor. 

It is a further object of this invention to provide a constitutively active 5- 
HTjc serotonin receptor. 

Yet another object of this invention is to provide a method for rapidly 
identifying the clone containing the desired mutated receptor. 

These and other achievements of the present invention will become 
apparent from the detailed description which follows. 

DESCRIPTION OF THE FIGURES 

Figure 1 A shows the full DNA sequence for the rat S-HTja serotonin 
receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. Figure IB shows the translated amino acid sequence for the rat 5- 
HTjA receptor. 

Figure 2A shows the full DNA sequence for the rat 5-HT2C serotonin 
receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. Figure 2B shows the translated amino acid sequence for the rat 5- 
HT2C receptor. 

Figure 3A shows the full DNA sequence for the rat OiB-aclrenergic receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. Figure 38 shows the translated amino acid sequence for the rat a^^- 
adrenergic receptor. 

Figure 4 shows the amino acid sequences for part of the C-terminal third 
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intracellular loop and transmembrane domain VI for the 5-HT2A and S-HTjc 
receptors aligned opposite the corresponding part of the a,b-adrenergic receptor 
with numerals representing the amino acid positions in each receptor. 

Figure 5 shows a schematic outline of the S-HTja site-directed mutagenesis 
5 procedure. 

Figure 6 shows a schematic outline of the 5-HT2C site-directed mutagenesis 
procedure. 

Figure 7 shows the competition curves of 5-HT for ^H-ketanserin labeled 
native and mutant S-HTja receptors. 0.5nM ^H-ketanserin was used to label the 
10 native and mutant receptors transiently transfected in COS-7 cells. 

Figure 8 shows the radioligand binding data of ^H-ketanserin labeled native 
and mutant 5-HT2A receptors in the presence of agonists and antagonists. 0-5 nM 
^H-ketanserin was used to label the native and mutant 5-HT2A receptors 
expressed in COS-7 cells. 
15 Figure 9 shows the stimulation of IP production in COS-7 cells expressing 

native or mutant 5-HT2A receptors. IP production assays were performed using 
anion-exchange chromatography. The data are expressed as percent of maximal 
IP stimulation produced by 10 //M 5-HT. 

Figure 10 shows the basal activity and 5-HT stimulation of the native and 
20 mutant 5-HT2A receptors. IP levels were measured in COS-7 cells with vector 
alone, native 5-HT2A receptors, or mutant S-HTja receptors. The data are 
expressed as dpms of IP stimulation minus basal levels of iP produced by vector. 
Basal activity of vector alone was typically 400 dpms. 

Figure 1 1 shows a saturation analysis of ^H-ketanserin labeled native and 
25 cys lys mutant receptors. Bmax values were determined by a BCA assay. 

Figure 12 shows the competition curves of 5-HT for ^H-mesulergine labeled 
native and mutant 5-HT2C receptors. 1 nM ^H-mesulergine was used to label the 
native and mutant receptors transiently transfected in COS-7 cells. 

Figure 13 shows the radioligand binding analysis of native and mutant 5- 
30 HT2C receptors. Native and mutant 5-HT2C receptors expressed in COS-7 ceils 
were labeled with 1 nM ^H-mesulergine. 5-MT = 5-methoxytryptamine. 

Figure 14 shows the 5-HT stimulation of IP production in COS-7 cells 
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transfected with the ser lys or ser phe mutated receptors. Cells were labeled 
with ^H-myoinositol and challenged with 5-HT (0.1 nM - 10 nM), Total IP 
production was measured by anion exchange chromatography. 

Figure IS shows the EC50 values for the 5-HT stimulation of IP production 
5 in COS-7 cells transfected with native, mutant ser lys receptor, and mutant ser 
phe receptor. Figure 1 5 also shows the results of ^H-mesulergine saturation 
analyses. Saturation experiments were performed using ^H-mesulergine (0.1 nM - 
5.0 nM). 

Figure 1 6 shows the effect of the ser -* lys and ser phe mutations on 
10 basal levels of IP production by the mutated S-HTjc receptors. IP levels were 

measured in COS-7 cells with vector alone, native S-HTjc receptors, or mutant 5- 
HTjc receptors. The data are expressed as dpms of IP stimulation minus basal 
levels of IP produced by vector. 

Figure 1 7 shows the inverse agonist activity of spiperone and ketanserin on 
15 the mutated constitutively active S-HTj^ cys - lys receptor. Parallel transfections 
with the native S-HTj^ receptor were performed to determine native basal activity 
which was then subtracted from the mutant receptor basal activity to determine 
constitutive stimulation. 

Figure 18 shows the inverse agonist activity of chlorpromazine, haloperidol, 
20 loxapine, spiperone, clozapine and risperidone on the mutated constitutively 
active S-HTja cys lys receptor. 

Figure 19 shows the inverse agonist activity of mianserin and mesulergine 
on the mutated constitutively active 5-HT2C ser - lys receptor both In the 
presence and absence of 5-HT. 
25 Figure 20A sets forth the full DNA sequence for the human S-HTja 

serotonin receptor with the translated codons underlined. The sixth 
transmembrane domain conserved sequence of WxPFFI is indicated with block 
letters. Figure 20B shows the translated amino acid sequence for the human 5- 
HTjA receptor. 

30 Figure 21 A sets forth the full DNA sequence for the human S-HTjc 

serotonin receptor with the translated codons underlined. The sixth 
transmembrane domain conserved sequence of WxPFFI is indicated with block 
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letters. Figure 21 B shows the translated amino acid sequence for the human 5- 
HT2C receptor. 

Figure 22 is the amino acid sequence of the B-HTj^ cys lys mutant 
receptor with the mutated amino acid shown as a larger outlined letter. 
5 Figure 23 is the DNA sequence of the S-HTza cys lys mutant receptor 

including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. 

10 Figure 24 is the DNA sequence of the B-HTja cys lys mutant receptor 

including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition the two bases which were mutated to create the Seal site 

15 are shown as larger outlined letters and are indicated with arrows. 

Figure 25 is the amino acid sequence of the 5-HT2A cys ~> arg mutant 
receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 26 is the DNA sequence of the S-HTja cys -> arg mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 

20 underlined. The bases specifying the #322 arginine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. 

Figure 27 is identical to Figure 26 since the AGG mutation introduced for 
arginine creates an Mnll restriction site by itself at #319. 
25 Figure 28 Is the amino acid sequence of the S-HTja cys glu mutant 

receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 29 is the DNA sequence of the S-HTja cys glu mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 glutamic acid mutant are shown as 
30 larger outlined letters, and the starting and ending locations of the primer are also 
indicated. 

Figure 30 is the DNA sequence of the 5-HT2A cys glu mutant receptor 
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Including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 glutamic acid mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition the additional base which was mutated to create the Rsa1 
5 site is shown as a larger outlined letter and is indicated with an arrow. 

Figure 31 is the amino acid sequence of the S-HTjc ser lys mutant 
receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 32 Is the DNA sequence of the S-HTjc ser lys mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
10 underlined. The bases specifying the #312 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. 

Figure 33 is the DNA sequence of the S-HTjc ser lys mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
15 underlined. The bases specifying the #312 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition the base which was mutated to create the Seal site is 
shown as a larger outlined letter and is indicated with an arrow. 

Figure 34 is the amino acid sequence of the S-HTjc ser phe mutant 
20 receptor with the mutated amino acid shown as a larger outlined tetter. 

Figure 35 is the DNA sequence of the 5-HT2C ser phe mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 phenylalanine mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
25 indicated. 

Figure 36 is the DNA sequence of the S-HTjc ser phe mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 phenylalanine mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
30 indicated. In addition the base which was mutated to create the Seal site is 
shown as a larger outlined letter and is indicated with an arrow. 
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DETAILED DESCRIPTION OF THE INVENTION 

Despite the disappointing results obtained by Burstein in mutating positions 
in the third intracellular loop of the M5 muscarinic acetylcholine receptor, the 
present inventive efforts focused on finding mutations at the carboxy end of the 
5 third intracellular loop near the sixth transmembrane helix in the serotonin 
receptors. DNA and amino acid sequences for rat S-HTja and 5-HT2C serotonin 
receptors were obtained from GeneBank as was the DNA and amino acid 
sequence for the a^Q-adrenergic receptor. Figures 1, 2, and 3 list the full DNA and 
translated amino acid sequences for these receptors. 

10 Ret:eDtor Alignment: 

As noted above, Cotecchia et al. had identified amino acid position number 
293 in the third intracellular loop adjoining the sixth transmembrane domain in the 
GTiB-adrenergic receptor as a critical position, mutation of which lead to 
constitutive activity. However, the length of the serotonin receptors is different 

15 than the a^B-adrenergic receptor, and even had they been the same, matching the 
ends would not necessarily provide a structural or functional match. What was 
important was to find an alignment method which made sense in terms of 
locating the equivalent functional site to position 293 of the a^g-adrenergic 
receptor in the serotonin receptors. 

20 A meaningful alignment method has been discovered based upon the fact 

that the transmembrane domains are highly conserved In G protein-coupled 
receptors. A series of conserved amino acid positions were identified in the sixth 
transmembrane domain which permit alignment of the transmembrane domain 
and the adjacent third intracellular loop between receptors. In Figure 5 the 

25 conserved sixth transmembrane domain amino acid sequence WxPFFI (x may be 
variable) has been used to align the three receptors. Alignment using this 
sequence also aligns the LGIV sequence found at the intracellular beginning of the 
sixth transmembrane domain which is connected to the third intracellular loop. 
This alignment indicates that in the S-HT^a receptor the cysteine at position #322 

30 corresponds to the alanine at position #293 In the a^B-adrenergtc receptor. In the 
5-HT2C receptor, the corresponding amino acid is a serine at position #312. 
It should be noted that position 293 is not the only position in the flr,B- 
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adrenergic receptor which, when mutated, produced a constitutively active 
receptor. While Cotecchia et al.^ reported that the A293L mutation produced the 
greatest constitutive activation, they also noted that the K290l-i mutation also 
induced dramatic constitutive activity. There are clearly other sites in the third 
5 intracellular loop of each of these receptors that can be mutated. In the future, 
other sites on other receptors may be reported. IHowever, the alignment 
methodology presented above should serve to permit the structural correlation 
between different receptors so that information gleaned from one receptor may 
be utilized to mutate another receptor. However, the evidence presently available 
10 suggests that the third position removed from the beginning of the 

transmembrane domain represented by position 293 in the a^B-adrenergic receptor 
seems to play a crucial role in the binding and activation of the coupled G protein, 
and that mutations introduced at that position alter the tertiary structure of the 
region. 

15 As noted earlier, Kjelsberg et al.^ further demonstrated that substitution of 

any of the 19 amino acids at position 293 of the aig-adrenergic receptor produced 
constitutive activity. However, the relative activity increased in the following 
order of amino acids: S, N, D, G, T, H, W, Y, P, V, L, M, Q, I, F, C, R, K, and E. 
In that study, replacing the native amino acid with amino acids having long basic 

20 or acidic side chains produced the greatest degree of constitutive activity, while 
amino acids with aromatic substituents produced an intermediate degree of 
constitutive activity. It is proposed that this order, with minor variations, exists 
for most G protein*coupled receptors due to the importance of the third position 
removed from the beginning of the transmembrane domain. A reasonable starting 

25 place for mutating receptors should therefore involve mutation to one of the 
amino acids at the most active end of the above list. Further, the tertiary 
structure of the region may be significantly altered by substituting an amino acid 
with longer side chains or of different polarity from the native amino acid. 
Efficient Scr eening of Mutant Receptors: 

30 When performing site-directed mutagenesis, it is common (and necessary) 

laboratory practice to fully sequence the cloned receptor to confirm that the 
mutation has been incorporated. However, because colonies containing the 
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mutant receptor cannot be distinguished from those that do not, it is necessary to 
sequence each colony. A method, outlined schematically by way of example in 
Figure 5 for the S-HTj^ cys lys receptor mutation and In Figure 6 for the S-HTac 
ser lys and ser -^phe receptor mutations, has been devised that rapidly and 
5 easily eliminates most non-mutated colonies, and from those remaining, identifies 
the mutant colony so that unnecessary sequencing is avoided. A two-pronged 
approach is used. The first prong is designed to prevent non-mutated vector from 
being incorporated during the first transformation by digesting the vector. E coll 
will only incorporate uncut (circular) plasmid DNA. Recognizing the limitations of 
10 the first prong, namely, that all restriction digests are not 100% complete so that 
some of the colonies at the end of the procedure will contain native DNA instead 
of mutant DNA, the second prong is designed to easily identify among the 
remaining colonies, those colonies containing the desired mutation after a second 
transformation. 

15 To begin, a unique restriction site, not occurring in the native amino acid 

sequence, is incorporated into the mutant. It is possible to introduce the unique 
restriction site because of the degeneracy of the genetic code. The unique 
restriction site is ideally located within or near the amino acid{s) which specify the 
structural mutation which is being introduced into the mutant. Thus, the 

20 restriction site can be located on the same mutagenic primer as the structural 
mutation. 

In addition, during the initial annealing, a second primer is used to remove 
a restriction site specific to the vector being used. When the second strand is 
synthesized with polymerase and ligase, only the second strand of the vector (the 

25 one not containing the mutations) will contain the original vector restriction site. 
Subsequently, after transformation, the colonies can be treated with the 
restriction enzyme specific for the vector site and only those resulting from the 
wildtype vector will be digested. Digested (cut) DNA will not be taken up by E. 
coli during the second transformation step. The colonies containing the mutated 

30 vector will not be digested and will be taken up by E. coli during the final 
transformation step. 

Each resulting colony can be tested to see whether the restriction enzyme. 
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which recognizes the unique site introduced by the mutated primer, digests the 
DNA. Only samples from colonies containing the desired mutation will be 
digested* These colonies can then be sequenced to confirm the insertion of the 
mutated amino acid. It is unnecessary to sequence colonies whose DNA is not 
5 digested by the restriction enzyme. This procedure yields a much more highly 
efficient method by saving both time and expense of sequencing every colony 
which results from the transformation experiment. 
Measurement of Receptor-Coupled Second Messenger Activation: 

In order to measure the stimulation produced through the 5-HT2A and the 5- 

10 HT^c receptors, an assay was utilized which measures the accumulation of 

inositol phosphates, the product that is formed when phosphatidylinositol 4,5- 
bisphosphate is hydrolyzed to DAG and IP. This assay was established by 
Berridge and coworkers (1983) in studies of the blowfly salivary glands, and 
found to be an accurate measurement of the stimulation of phospholipase C 

15 through receptor activation. ^H-myoinositol is incorporated into the cell membrane 
by conversion to phosphatidylinositol 4,5-bisphosphate and upon receptor 
activation, is cleaved by phospholipase C to yield two products: diacylglycerol 
and ^H-inositol 1,4,5 triphosphate (IPg). 

Inositol*free media must be used for this assay because unlabeled inositol, 

20 which is normally found in many commercially available media, can result in less . 
than maximal incorporation of radiolabeled inositol into the cell membrane, resulting 
In a reduction in the amount of ^H-IP that would be detected. The ^H-IP is recovered 
by anion-exchange chromatography in which IP is separated from anion-exchange 
resin using washes of increasing concentrations of formate. 

25 IP3 is rapidly hydrolyzed to IP2 by an inositol triphosphatase which is then 

converted to IP by inositol bisphosphatase. Because IPais hydrolyzed so quickly, 
accumulation of IP would be hard to measure unless the cycle of IP to inositol and 
phosphate is blocked. Lithium is used in this assay to block the enzyme which 
converts IP to inositol and phosphate (myo-inositol monophosphatase). This ensures 

30 that IP levels can accumulate and be experimentally measured and are not 
undergoing the normal rapid degradation pathway. These experiments are also 
performed in serum free media in order to remove serotonin that can be found in 
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serum which would complicate experimental results. 

The total IP levels were measured in order to obtain an accurate measurement 
of the total amount of stimulation that occurred. The actual experimental conditions 
and concentrations of reagents used in this assay are set forth in the methods and 
5 materials sections under each example below. 

Example 1 : Const itutive Activation Of The 5-HT,. Receptor: 
Three separate mutations of the 5-HT2A receptor were made. The cysteine 
at position 322 was mutated to lysine, glutamate, and arginine. 
Materials and Met hods For Site-directed Mutagenesis: 

10 The rat 5-HT2A receptor cDNA was ligated into the mammalian expression 

vector pcDNA3 (Invitrogen) using EcoRI (GIBCO). This construct served as the 
native template for site-directed mutagenesis performed using Clontech's 
transformer kit. Mutagenic primers (Midland Certified Reagent Company) were 
designed as follows: the C322K primer was complementary to amino acid nos. 

15 318-329 of the native 5-HT2A cDNA, while changing amino acid no. 322 from 
cysteine (TGC) to lysine (A AG). The same primer was designed to incorporate a 
Seal restriction site using amino acid nos. 323 and 324 by changing the third 
base in amino acid no. 323, lysine, from AAG to AAA and the third base in amino 
acid no. 324, valine from GTG to GTA. The C322E and C322R were designed 

20 complementary to amino acid nos. 319-330 of the native 5-HT2A cDNA, while 
changing amino acid no. 322 from cysteine (TGC) to glutamate (GAG) and 
arginine (AGG). In the C322E primer, an Rsa1 site was introduced by changing 
the third base In amino acid no. 324, valine, from GTG to GTA. The C322R 
mutation In the primer created an Mnll site, by Itself, at amino acid no. 319. The 

25 selection primer, complementary to bases 4,871-4,914 of the pcDNA3 vector, 
was designed to remove a unique PVUI site by changing base G to T at location 
4891. Phosphorylated primers were annealed to 10 ng of alkaline-denatured 
plasmid template by heating to 65^C for 5 min and cooling slowly to 37^C. 
Mutant DNA was synthesized using T4 DNA polymerase and ligase (Clontech) by 

30 incubating for 1 hr at 37^C, followed by digestion with PVUI (GIBCO) and 

transformation of BMH71-18mutS E. coll (Clontech). Plasmid was purified using 
the Wizard miniprep kit (Promega), digested with PVUI, and used to transform 
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DH5( E.Coli (GIBCO). Individual colonies were isolated and plasnnid DNA was 
digested with SCA1, Mnll or Rsal to screen for C322K, C322E and C322R 
mutations, respectively (GIBCO). DNA sequencing (Sequenase version 2.1 
kit,USB, ^^Sd-ATP, New England Nuclear) was performed to confirm the 
5 incorporation of lysine, glutamate, or arginine at amino acid no. 322. Sequencing 
reactions were run on a 5% acrylamide/bis (19:1) gel (Bio-Rad) for 2 hr at 50^C, 
dried for 2 hr at 80^C, and exposed on Kodak Biomax MR film for 24 hr at -SO^C. 

In Figure 22 is shown the amino acid sequence of the S-HTja cys lys 
mutant receptor with the mutated amino acid shown as a larger outlined letter. 

10 Figure 23 shows the resulting DNA sequence of the B-HTj^ cys lys mutant 
receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition to showing the mutated DNA sequence of the B-HT^a cys 

15 lys mutant receptor. Figure 24 shows the two bases, which were mutated to 
create the Seal site, as larger outlined letters and are indicated with arrows. 

In Figure 25 is shown the amino acid sequence of the 5-HT2A cys arg 
mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 26 shows the resulting DNA sequence of the 5-HT2A cys arg mutant 

20 receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 arginine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. Figure 27 showing the added restriction site is identical to Figure 26 
since the arginine mutation to AGG creates, by itself, an Mnil restriction site at 

25 #319. 

In Figure 28 is shown the amino acid sequence of the S-HTja cys glu 
mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 29 shows the resulltng DNA sequence of the S-HTja cys glu mutant 
receptor Including the 5' and 3' untranslated regions with the translated codons 
30 underlined. The bases specifying the #322 glutamic acid mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
indicated. Figure 30 shows the additional base mutation introduced in amino 
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acid 324 to create an Rsal site. The base mutation is indicted by a larger outlined 

letter and an arrow. 

rfill culture and transfectlon: 

COS-7 celfs were grown in Dulbecco's modified Eagle's medium (DMEM, 
5 Sigma) with 10% fetal bovine serum (Sigma) in 5% CO^ at 37^C and subcultured 
1:8 twice a week. Twenty-four hours before transfectlon, cells were seeded at 
30% confluence in 100-mm dishes for radioligand binding assays or at 10^ cells 
per well in 24-well cluster plates for IP production assays. Ceils were transfected 
with native or mutant 5-HT2A cDNA using Lipofectamine (GIBCO). This was 

10 accomplished by combining 20 //I of Lipofectamine with 2.5 //g of plasmid per 
100-mm dish or 2 //I of Lipofectamine with 0.25 //g of plasmid per well. 
Transfections were performed in serum-free DMEM for 4 hr at 37®C, 
Radic^liQand bindino: 

Thirty-six hours after transfection, membranes were prepared from COS-7 

15 cells by scraping and homogenizing in 50mM Tris-HCI/5mM MgClj/O.SmM EDTA, 
pH 7.4 (assay buffer), and centrifugation at 10,000xg for 30 min. Membranes 
were resuspended in assay buffer, homogenized, and centrifuged again. After 
resuspension in assay buffer, 1-ml membrane aliquots ( approximately 10;/g of 
protein measured by bicinchoninic acid assay) were added to each tube 

20 containing 1ml of assay buffer with 0.5nM [^Hl ketanserin and competing drugs. 
10//M spiperone was used to define non-specific binding. Saturation experiments 
were performed by using [^H]ketanserin (0.1-5.0nM). Samples were incubated at 
23°C for 30 minutes, filtered on a Brandel cell harvester, and counted in Ecoscint 
cocktail (National Diagnostics) in a Beckman liquid scintillation counter at 40% 

25 efficiency. 

PhQSDhatidvlinositol hydrolysis: 

Inositol phosphate (IP) production was measured using a modified 
combination of the methods of Berridge et al. (1982) and Conn and Sanders-Bush 
(1985). In brief, 24 h after transfection, cells were washed with phosphate- 

30 buffered saline (PBS) and labeled with 0.25 //Ci/well of myo-[^H]inositol (New 
England Nuclear) in inositol free/serum-free DMEM (GIBCO) for 12 h at 37^C. 
HPLC analysis of this culture medium, after incubation, has been reported to 
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contain <10"''^M 5-HT (Barker et aL 1994). After labeling, cells were washed 
with PBS and preincubated in inositol-free/serum-free DMEM with lOmM LiCI and 
10//M pargyline (assay medium) for 10 min at 37^C. When antagonists were 
used, they were added during the 10-min preincubation period. 5-HT (Sigma), or 
assay medium alone, was added to each well and incubation continued for an 
additional 35 min (Westphal et aL, 1995), Assay medium was removed and cells 
were lysed in 250 fj\ of stop solution (1 M KOH/18mM sodium borate/3. 8mM 
EDTA) and neutralized by adding 250 fj\ of 7.5 % HCI. The contents of each well 
were extracted with 3 volumes of chloroform/methanol (1:2), centrifuged 5 min 
at 10,000xg, and the upper layer loaded onto a 1-ml AG1-X8 resin (100-200 
mesh, Bio-Rad) column. Columns were washed with 10ml of 5 mM myo-inositol 
and 10ml of 5 mM sodium borate/60mM sodium formate. Total IPs were eluted 
with 3ml of 0.1 M formic acid/1 M ammonium formate. Radioactivity was 
measured by liquid scintillation counting in Ecoscint cocktail. 
Demonstra tion of Constitutive Activation: 

Constitutive activity of the mutated 5-HT2A receptors is demonstrated by 
the fact that the mutated receptors exhibit all the hallmark characteristics 
established for constitutive activation: a showing of increased agonist affinity, 
increased agonist potency, and coupling to the G protein second messenger 
system in the absence of agonist. 

Figure 7 shows the competition curves of 5-HT for ^H-ketanserin labeled 
native and mutant 5-HT2A receptors. 0.5nM ^H-ketanserin was used to label the 
native and mutant receptors transiently transf acted in COS-7 cells. While the 
native receptor demonstrated a relatively low affinity for 5-HT (K; = 293 nIVl), the 
three mutant receptors displayed a high affinity for 5-HT with the cys lys 
mutant exhibiting a 12-fold increase in affinity for 5-HT (K; = 25 nM), the cys 
arg mutant exhibiting a 27-foId increase in affinity for 5-HT (K; = 11 nM). and the 
cys glu mutant exhibiting a 3.4-fold increase in affinity for 5-HT (Kj = 86 nM). 

To determine whether other agonists would display a similar increase in 
affinity for the mutant receptors, two known agonists (DOM and DOB) were 
tested with both the native and cys lys mutant. Figure 8 shows the radioligand 
binding data of ^H-ketanserin labeled native and mutant 5-HT2A receptors in the 
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presence of agonists and antagonists. 0.5 nM ^H-ketanserin was used to label the 
native and mutant B-HTja receptors expressed in COS-7 cells. The DOM and DOB 
agonists show increased affinity for the mutant receptor, as is seen for 5-HT. The 
K, for DOM shows a 5-fold increase, while the K, for DOB shows a 7.4-fold 
5 increase. 

To determine if the mutant B-HTja receptors would exhibit an increase in 
agonist potency relative to the native 5-HT2A receptor, 5-HT stimulation of the 
native and mutant S-HT^a receptors was measured using an IP production assay. 
Figure 9 shows the stimulation of IP production in COS-7 cells expressing native 

10 or mutant S-HTja receptors. Both the cys lys and cys glu mutant receptor 
curves exhibit a leftward shift away from the native curve in the 5-HT dose- 
response indicating that there was an increase in 5-HT potency at the mutant 
receptors. The cys lys and cys glu mutant receptors displayed ECgo values of 
25 nM and 61 nM, respectively, as compared to the native S-HTja receptor which 

15 had an EC50 value of 152 nM. 

Figure 10 shows the basal activity and 5-HT stimulation of the native and 
mutant 5-HT2A receptors. As can be seen, both the cys lys and the cys glu 
mutant 5-HT2A receptors show dramatic increases in basal intracellular inositol 
phosphate (IP) accumulation compared to the native receptor. The cys lys 

20 mutant receptor produced a 345% (8-fold) increase in IP levels over the vector 
control. The cys glu mutant receptor produced a 158% (3.7-fold) increase in IP 
levels over the vector control. Upon the addition of 10 pM 5-HT, both the native 
and mutant receptors produced an additional increase in IP production. The basal 
activity of the cys lys mutant was 48% of that of the maximally stimulated 

25 native S-HTja receptor. The basal activity of the cys glu mutant was 31% of 
that of the maximally stimulated native 5-HT2A receptor. 

In order to determine whether the above results were due to an increase in 
the number of expressed mutant receptors rather than to a change in the 
properties of the mutated receptors, saturation curves were generated. Figure 11 

30 shows a saturation analysis of ^H-ketanserin labeled native and cys lys mutant 
receptors. B^ax values were determined by a BOA assay. For the native receptor 
the Bmax = +/- 37 fmol/mg, while for the cys lys mutant receptor, the 
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Bmax = 218 +/- 31 fmol/mg. There is no significant difference in the B^^x values 
for the native and mutant receptors. The Kq of ^H-ketanserin also did not differ 
between the native and nnutant receptors. These data demonstrate that the 
results were not due to an increase in number of expressed mutant receptors 
compared to expressed native receptors. 

Thus, the mutated 5-HT2A receptors meet all the criteria for constitutively 
activated receptors; they show a higher affinity for agonists; they show a higher 
potency for 5-HT; and they show activation (coupling) of the G protein second 
messenger pathway (IP production) even in the absence of agonist. 

Example 2: Constitutive Activation of 5-HT.^ Receptor 
Materials and Methods For Site-directed Mutaoenesis: 

The rat B-HTjc receptor cDNA was ligated into the mammalian expression 
vector pcDNA3 (invitrogen) using BamHl (Gibco). This construct served as the 
native template for site-directed mutagenesis performed using Clonetech's 
Transformer kit. Mutagenic primers (Midland Certified Reagent Company) were 
designed complementary to amino acids #308-317 of the native B-HTjc cDNA, 
while changing amino acid #312 from serine (TCC) to lysine (AAG) or 
phenylalanine (TTC). The same primers were designed to incorporate an Seal 
restriction site at amino acid #314 by changing the third codon in valine from 
GTC to GTA. The selection primer, complementary to bases 2081-3017 of the 
pcDNAS vector, was designed to remove a unique Smal site by changing glycine 
at base 2093 from GGG to GGA. Phosphorylated primers were annealed to lOng 
of alkaline denatured plasmid template by heating to 65^C for 5 minutes and 
cooling slowly to 37*^C. Mutant DNA was synthesized using T4 DNA polymerase 
and ligase (Clonetech) by Incubating for 1 hour at 37^C, followed by digestion 
with Smal (Gibco) and transformation of BMH71-18mutS E. coli (Clonetech). 
Plasmid was purified using the Wizard miniprep kit (Promega), digested with 
Smal, and used to transform DH5a E. coli (Gibco)- Individual colonies were 
Isolated and plasmid DNA was digested with Seal to screen for S312K and 
S312F mutants (Gibco). S312K and S312F mutant plasmids contain an additional 
Seal site and appear as two bands (2.3Kb and 7.6Kb) when run on a 1% 
agarose gel. DNA sequencing (Sequenase version 2.1 kit USB, ^®Sd-ATP NEN) 
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was performed to confirm the incorporation of lysine or phenylalanine at amino 
acid #312. Sequencing reactions were run on a 5% acrylamide/bis (19:1) gel 
(BloRad) for 2 hours at 50^C, dried for 2 hours at 80^C, and exposed to Kodak 
Biomax MR film for 24 hours at -80^C. 
5 In Figure 31 is shown the amino acid sequence of the B-HT^c ser lys 

mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 32 shows the resulting DNA sequence of the B-HTjc ser lys mutant 
receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 lysine mutant are shown as larger 

10 outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition to showing the mutated DNA sequence of the B-HTjc ser 
lys mutant receptor. Figure 33 shows the base, which was mutated to create the 
Seal site, as a larger outlined letter indicated with an arrow. 

In Figure 34 is shown the amino acid sequence of the B-HT^c ser phe 

IS mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 3S shows the resulting DNA sequence of the B-HTjc ser phe mutant 
receptor including the S' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 phenylalanine mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 

20 indicated. In addition to showing the mutated DNA sequence of the B-HTjc ser 
phe mutant receptor. Figure 36 shows the base, which was mutated to create the 
Seal site, as a larger outlined letter indicated with an arrow. 
Cell culture and transfection: 

C0S*7 cells were grown in Dulbecco's Modified Eagle's Medium (DMEM, 

2S Sigma) with 10% fetal bovine serum (Sigma) in S% CO2 at 37^C and subcultur d 
1 :8 twice a week. Twenty-four hours prior to transfection, cells were seeded at 
30% confluence in 100mm dishes for radioligand binding assays or at 10^ 
cells/well In 24 well cluster plates for PI assays. Cells were transf acted with 
native or mutant B-HT2c cDNA using Lipofectamine (Gibco). This was 

30 accomplished by combining 20^1 of lipofectamine with 2.S //g plasmid per 

100mm dish or 2 fj\ lipofectamine and 0.2B //g plasmid per well. Transfections 
were performed in serum-free DMEM for 4 hours at 37^C. 
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RadMiqantf binijipg: 

Thirty-six hours after transfection, membranes were prepared from COS-7 
cells by scraping and homogenizing in 50mM Tris-HCI / 5mM MgCij / 0.5mM 
EDTA pH 7.4 (assay buffer) and centrifugation at 10,000xg for 30 minutes. 
5 Membranes were resuspended in assay buffer, homogenized and centrifuged 
again. Following resuspension in assay buffer, 1 ml membrane aliquots 
(approximately 10 //g protein measured by BCA assay) were added to each tube 
containing 1ml of assay buffer with InM ^H-mesulergine and competing drugs. 
10)E/M mianserin was used to define non-specific binding. Saturation experiments 

10 were performed using ^H-mesulergine (O.lnM-S.OnM) or ^H-5-HT (0.1nM-30nM) 
in the absence of presence of lOyt/M GppNHp (RBI). Samples were incubated at 
37*^C for 30 minutes, filtered on a Brandel cell harvester, and counted in Ecoscint 
cocktail (National Diagnostics) in a Beclcman liquid scintillation counter at 40% 
efficiency. 

15 PhQSDhatidviinositol hvdrolvsis: 

Inositol phosphate (IP) production was measured using a modified 
combination of the methods of Berridge et al., 1982 and Conn and Sanders-Bush 
1985. Briefly, 24 hours after transfection, cells were washed with PBS and 
labeled with 0.25//Ci/well of ^H-myoinositol (NEN) in inositol-free/serum-free 

20 DMEM (Gibco) for 12 hours at 37°C. Following labeling, cells were washed with 
PBS and preincubated in inositol-free/serum-free DMEM with 10mM LiCI and 
10//M pargyline (assay medium) for 10 minutes at 37^C. When antagonists were 
used they were added during the 10 minute preincubation period. 5*HT (Sigma), 
or assay medium alone, was added to each well and incubation continued for an 

25 additional 35 minutes (Westphal et al., 1995). Assay medium was removed and 
cells were lysed in 250 //I of stop solution (1M KOH / 18mM NaBorate / 3.8mM 
EDTA) and neutralized by adding 250//I of 7.5% HCI. The contents of each well 
were extracted with 3 volumes of chloroform:methanol (1:2), centrifuged 5 
minutes at 10,000xg, and the upper layer loaded onto a 1ml AG1-X8 resin (100- 

30 200 mesh, BioRad) column. Columns were washed with lOmIs of 5mM 

myoinositol and lOmIs f 5mM NaBorate / 60mM NaFormate. Total IPs were 
eluted with 3mls of 0.1 M formic acid / 1M ammonium formate. Radioactivity was 
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measured by liquid scintillation counting in Ecoscint cocktail, 
g^able Transfection: 

Although not yet fully characterized, it has been found possible to create a 
stable cell line expressing mutant receptors by the following method. The rat 
5 5-HT2C cDNA (edited VSI isoform) was used as a template for site-directed 
mutagenesis to convert amino acid 312 from serine to lysine as previously 
described. Native and S312K S-HTjc cDNAs were ligated into the BamHI/EcoRI 
site of the pZeoSV2+ mammalian expression vector (Invitrogen) containing the 
zeocin resistance gene. NIH3T3 cells (ATCC) were stably transfected using the 

10 high efficiency BES method. Briefly, cells were seeded at 5x10^cells/IOOmm 

culture dish in complete medium (DMEM/10%FBS) and grown in 5% CO2 at 37° 
overnight. Twenty micrograms of p2eoSV2/5-HT2c DNA {linearized with Bglll) 
was mixed with 500/yi of 0.25M CaCIs and 500/j\ of 2x BES solution (50mM 
N,N-bis-2-hydroxyethyl-2-aminoethanesulfonic acid; 280mM NaCI; 1.5mM 

15 Na2HP04; pH to 6.95) and incubated at 25°C for 20 minutes. The solution was 
added dropwise on top of the cells. The cells were incubated for 20 hours at 
35^C In 3% CO2/ washed twice with PBS, complete medium replenished, and 
incubated for 48 hours at 37°C in 5% CO2. Cells were split 1:4 into complete 
medium containing 500//g/ml zeocin. Individual colonies were isolated and tested 

20 for 5-HT2C receptor expression by ^H-mesulergine binding. 
Demonstration of Constitutive Activation: 

Constitutive activity of the mutated S-HTjc receptors is demonstrated by 
the fact that the mutated receptors also exhibit all the hallmark characteristics 
established for constitutive activation: a showing of increased agonist affinity, 

25 increased agonist potency, and coupling to the G protein second messenger 
system in the absence of agonist. 

Figure 12 shows the competition curves of 5-HT for ^H-mesulergine labeled 
native and mutant B-HTjc receptors. 0.5nM ^H-mesulergine was used to label the 
native and mutant receptors transiently transfected in COS-7 cells. As shown In 

30 Figure 12, the 5-HT competition isotherms for ®H-mesulergine labeled ser lys 
and ser phe mutant receptors display a marked leftward shift compared with 
native receptors. The affinity of 5-HT for ser lys mutant receptors increased 
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almost 30-fold from 203 nM in the native to 6.6 nM in the ser iys mutant. 
Similarly, but on a smaller scale, the ser phe mutation resulted in a 3-fold 
increase in 5-HT affinity to 76 nM. 

To determine whether other agonists would display a similar increase in 
5 affinity for the mutant receptors, two known agonists, 5-methoxytryptamine and 
DOB were tested with the ser Iys mutant. Figure 1 3 shows the radioligand 
binding analysis of native and mutant S-HTjc receptors in the presence of 
agonists and antagonists. Native and mutant S-HTjc receptors expressed in COS- 
7 cells were labeled with 1 nM 3H-mesulergine. The 5-MT and DOB agonists 

10 show increased affinity for the mutant receptor, as is seen for 5-HT, 5-methoxy- 
tryptamine and DOB display an 89-fold and 38-fold increase, respectively, in 
affinity for the ser Iys mutant receptors. 

To determine if the mutant S-HTjc receptors would exhibit an increase in 
agonist potency relative to the native 5-HT2C receptor, 5-HT stimulation of the 

15 native and mutant 5-HT2C receptors was measured using an IP production assay. 
Figure 14 shows the stimulation of IP production in COS-7 cells expressing native 
or mutant S-HTsc receptors. Both the ser Iys and ser -* phe mutant receptor 
curves exhibit a leftward shift away from the native curve In the 5-HT dose- 
response indicating that there was an increase in 5-HT potency for the mutant 

20 receptors. The shifts were similar in magnitude to the shifts in the 5-HT 
competition binding Isotherms. Figure 15 shows the 5-HT stimulation of IP 
production in COS-7 cells transfected with the ser Iys or ser phe mutated 
receptors. As shown In Figure 15, the EC^o value for 5-HT mediated stimulation of 
IP production increased from 70 nM in cells transfected with native receptors to 

25 2.7 nM in the ser Iys mutant and 28 nM in the ser phe mutant. 

Figure 1 6 shows the effect of the ser Iys and ser phe mutations on 
basal levels of IP production by the mutated 5-HT2C receptors. Cells transfected 
with native 5-HT2C receptors displayed a small increase (9%, 225dpm) in basal IP 
production over cells transfected with vector alone. Transfection with ser -* Iys 

30 and ser phe mutant 5-HT2C receptors resulted in 5-fold and 2-fold increases, 

respectively, in basal levels of IP production when compared with cells expressing 
native S-HT^c receptors. Basal levels of IP stimulated by ser Iys mutant 
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receptors represented 50% of total IP production stimulated by native receptors 
in the presence of ^0 pM 5-HT. 5-HT stimulated IP production 10 fold over basal 
levels in cells transfected with native receptors and 2-fo!d over basal levels in 
cells transfected with ser lys mutant receptors. However, 5-HT elicited the 
5 same maximal IP response in cells transfected with native or mutant receptors. 

Since receptor density can influence agonist binding affinity and potency in 
stimulating second messenger systems, saturation curves were generated. 
Therefore, ^H-mesulergine saturation analyses and Scatchard transformations 
were performed in parallel to control for variations in transfection efficiency and 

10 receptor expression levels. As shown in Figure 15, the 5-HT2C receptor density 
was greater in cells transfected with native receptors than in cells transfected 
with either the ser lys or the ser phe mutant receptors. These data indicate 
that the increase in agonist binding affinity and potency of the mutated receptors 
did not result from increased receptor expression, but directly resulted from the 

15 mutations. 

Thus, like the mutated S-HTja receptors, the mutated 5-HT2C receptors 
meet all the criteria for constitutively activated receptors; they show a higher 
affinity for agonists; they show a higher potency for 5-HT; and they show 
activation (coupling) of the G protein second messenger pathway (IP production) 

20 even in the absence of agonist. 

Inverse Aoonism at Constitutivelv Activated S erotonin Receptors 

As noted above, the discovery and elucidation of the mechanisms of action 
of constitutively activated receptors has led to the recognition of a new class of 
receptor antagonists. Identified as inverse agonists. The mutated S-HTja and 5- 

25 HT2C receptors of this Invention were used to test the activity of known serotonin 
receptor antagonists. Figure 8 shows the binding affinities of four known 5-HT2A 
antagonists to the native and cys lys mutant 5-HT2A receptors. There is an 
apparent decease in the binding affinity of methysergide and mianserin at the 
mutant S-HTja receptors, but no change in binding affinity for spiperone and 

30 ketanserin. However, as shown In Figure 1 7, both spiperone and ketanserin 
reversed the constitutive stimulation of IP production in cells expressing the 
mutant S-HTja receptor. Ketanserin and spiperone decreased the constitutive IP 
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Stimulation by 80% and 58% respectively. 

Several antipsychotic drugs presently in use are thought to act at the 5- 
HT^A receptor. As shown in Figure 18, all these drugs, chlorpromazine, 
haioperldoi, loxapine, clozapine, and risperidone as well as spiperone reduce the 
constitutively activated IP basal activity of the mutated S-HTj^ receptor. 

The constitutively active ser lys mutated S-HTjc receptor of this 
invention can also be used to screen compounds for inverse agonist activity. 
Figure 19 shows that two classical S-HTsc receptor antagonists, mianserin and 
mesulergtne, exhibit inverse agonist activity by decreasing basal levels of PI 
hydrolysis associated with the constitutively active B-HT^c mutant receptor. The 
inverse agonism of these compounds is apparent both in the presence and 
absence of serotonin. 

The demonstration of Inverse agonism at the mutated B-HTja and B-HT^c 
receptors further characterizes the mutated serotonin receptors of this invention 
as being constitutively active. Not only have the B-HT^a and B-HTjc receptors 
been mutated to a constitutively active form, but a method has been disclosed for 
mutating all mammalian G protein-coupled monoamine receptors, including 
serotonin receptors, to a constitutively active form. Unlike the case of the MB 
muscarinic acetylcholine receptor where mutations in the third cytoplasmic loop 
do not produce constitutive activation, the present invention clearly demonstrates 
that mutations in the third cytoplasmic loop of G protein-coupled serotonin 
receptors may be used to induce constitutive activation. Previously, third 
Intracellular loop mutations near the transmennbrane region had only been found 
to produce constitutively active receptors of the adrenergic type. With the present 
discoveries. It is now recognized that the alignment and positional mutation 
method of this invention is applicable to the general class of monoamine 
receptors of which the adrenergic and serotonin receptors are major subclasses. 
Further, based upon the present discoveries, it is expected that mutations may be 
Introduced at other sites In the third cytoplasmic loop which will constitutively 
activate the G protein-coupled monoamine receptors including the serotonin 
receptors. 
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Advances Enable d Bv The Discoveries Of The Present Invention: 
Figures 20A and 20B show the DNA and amino acid sequences for the 
human S-HTsa receptors. In Figure 20A, it can be seen that the sixth 
transmembrane domain has the same WxPFFI conserved sequence (outlined type) 
5 as seen in the rat receptors. Figures 21 A and 218 show the DNA and amino acid 
sequences for the human B-HTjc receptors. In Figure 21 A it can be seen that the 
sixth transmembrane domain also has the same WxPFFI conserved sequence 
(outlined type) as seen in the rat receptors. Both of these human receptors may, 
therefore, be similarly aligned with the rat a1 -adrenergic, S-HTja* and B-HTac 
10 receptors to identify the amino acid positions which may be mutated to produce 
constitutively active human receptors following the methodologies of this 
invention. 

Having identified mutations which constitutively activate the 5-HT2A and 5- 
HTjc serotonin receptors. It is now possible to create transgenic mammals 
15 incorporating these mutations using techniques well known in the art. This will 
provide an opportunity to study the physiological consequences of constitutive 
receptor activation and may lead to the development of novel therapeutic agents. 

Those skilled in the art will recognize that various modifications, additions, 
substitutions and variations of the illustrative examples set forth herein can be 
20 made without departing from the spirit of the invention and are, therefore, 
considered within the scope of the invention. 
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CLAIMS 

What is claimed is: 

1 . A method of constitutively activating targeted G protein-coupled 
mammalian monoamine receptors comprising the following steps: 

5 a. aligning a conserved amino acid sequence occurring in the sixth 

transmembrane domain of the targeted monoamine receptor with the 
conserved amino acid sequence in the sixth transmembrane domain 
of a second monoamine receptor for which a constitutively activated 
form having a mutation in the third intracellular loop is known; 

10 b. identifying in the aligned receptor sequences the amino acid position 

in the targeted monoamine receptor which corresponds to the amino 
acid position in the third intracellular loop which produced 
constitutive activation in the second monoamine receptor; and 
c. mutating, by site-directed mutagenesis, the Identified amino acid 

15 position in the targeted monoamine receptor so that a different 

amino acid is substituted for the amino acid occurring in the native 
targeted receptor. 

2. The method of claim 1 in which the targeted monoamine receptor is a G 
protein-coupled serotonin receptor. 

20 3. The method of claim 2 in which the G protein-coupled serotonin receptor is 
the 5-HT2A receptor. 

4. The method of claim 2 in which the G protein-coupled serotonin receptor is 
the 5-HT2C receptor. 

5. The method of claim 1 in which the conserved amino acid sequence within 
25 the sixth transmembrane domain used for the alignment Is WxPFFI, where x 

represents that any amino acid may occur at that position. 

6. A method of constitutively activating G protein-coupled mammalian 
serotonin receptors comprising the following steps: 

a. aligning a conserved amino acid sequence occurring in the sixth 
30 transmembrane domain of the serotonin receptor with the conserv d 

amino acid sequence in the sixth transmembrane domain of the a^B* 
adrenergic receptor for which a constitutively activated form having 



wo 98/38217 PCT/US98/03991 

32 

a mutation in the third intracellular loop is known; 

b. identifying in the aligned receptor sequences the amino acid position 
in the serotonin receptor which corresponds to the amino acid 
position in the third intracellular loop which produced constitutive 
activation in the a^g-adrenergic receptor; and 

c. mutating, by site-directed mutagenesis^ the identified amino acid 
position in the serotonin receptor so that a different amino acid is 
substituted for the amino acid occurring in the native serotonin 
receptor. 

7. The method of claim 6 in which the G protein-coupled serotonin receptor is 
the 5-HT2A receptor. 

8. The method of claim 6 in which the G protein-coupled serotonin receptor is 
the 5-HT2C receptor. 

9. The method of claim 6 in which the conserved amino acid sequence within 
the sixth transmembrane domain used for the alignment is WxPFFI, where x 
represents that any amino acid may occur at that position. 

10. The constitutlvely active 5-HT2A receptor in which the amino acid at 
position number 322 has been mutated from the cysteine found in the native 
receptor to an amino acid selected from the group consisting of lysine, glutamic 
acid, and arginine. 

1 1 • The constitutlvely active S-HTjc receptor In which the amino acid at 
position number 312 has been mutated from the serine found in the native 
receptor to an amino acid selected from the group consisting of lysine and 
phenylalanine. 

12. The DNA encoding the constitutlvely active B-HTja receptor in which the 
amino acid at position number 322 has been mutated from the cysteine found in 
the native receptor to an amino acid selected from the group consisting of lysine, 
glutamic acid, and arginine. 

13. The DNA encoding the constitutlvely active 5-HT2C receptor in which the 
amino acid at position number 312 has been mutated from the serine found in the 
native receptor to an amino acid selected from the group consisting of lysine and 
phenylalanine. 
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14, A method of efficiently minimizing tlie number of fuH DNA sequencings, 
which must be performed on the colonies resulting from site-directed mutagenesis 
employing vectors, by eliminating most colonies not containing the desired 
mutation and by tagging colonies containing the desired mutation for easy 
5 Identification comprising the following steps: 

a. creating two primers, the first of which will remove a restriction site 
occurring in the original form of the vector and the second of which 
will introduce the desired mutation as well as a second mutation 
which specifies a unique restriction site not found in the primer; 
10 b. annealing the primers to the vector; 

c. synthesizing the second strands; 

d- exposing the double stranded DNA to the restriction enzyme for the 
restriction site which occurs on the original vector thereby digesting 
the DNA containing the restriction site so that it cannot be taken up 
15 during a subsequent transformation; 

e. transforming the test organism with the remaining double stranded 
circular DNA; and 

f . testing the resulting colonies to see if they contain DNA which can 
be digested by the restriction enzyme for the unique site introduced 

20 by the second primer 

whereby only DNA from those colonies which have incorporated the 
desired mutation will be digested with the restriction enzyme for the unique 
restriction site and the presence of such digestion indicates that that colony 
contains the desired mutation. 
25 15. The method of claim 14 in which the following additional steps are 
performed after step e and before step f of claim 14: 

e'. repeating a restriction digest using the restriction enzyme for the 

restriction site which occurs on the original vector; and 
e". tansforming the test organism with the remaing double stranded 
30 circular DNA. 

1 6. The constitutively active S-HTaA receptor coded by the DNA sequence 
specified in Figure 24 which DNA also contains a mutation creating a unique 
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restriction site. 

17. The c nstitutively active S-HTja receptor coded by the DNA sequence 
specified in Figure 27 which DNA also contains a nnutation creating a unique 
restriction siter 

5 18. The constitutively active B-HTja receptor coded by the DNA sequence 
specified in Figure 30 which DNA also contains a mutation creating a unique 
restriction site. 

19. The constitutively active B-HTjc receptor coded by the DNA sequence 
specified in Figure 33 which DNA also contains a mutation creating a unique 

10 restriction site. 

20. The constitutively active B-HT^c receptor coded by the DNA sequence 
specified in Figure 36 which DNA also contains a mutation creating a unique 
restriction site. 

21. The use of the constitutively activated mammalian G protein-coupled 

1 5 monamine receptor to screen for agonists, inverse agonists, and antagonists not 
previously identified as such at the native receptor. 

22. The method of claim 21 where the mammalian G protein-coupled 
monoamine receptor is a serotonin receptor. 

23. A transgenic mammal having incorporated and expressed in its genome a 
20 constitutively activated monoamine G protein-coupled receptor. 

24. The transgenic mammal of claim 23 wherein the constitutively activated 
monoamine G protein-coupled receptor is a serotonin receptor. 

25. The method of constitutively activating G protein-coupled receptors as 
described and illustrated in the specification. 

25 26. The method of efficiently minimizing the number of full DNA sequencings 
as described and illustrated in the specification. 

27. The constitutively activated receptors as described and illustrated in the 
specification. 

28. DNA encoding constitutively activated receptors as described and 
30 illustrated in the specification. 

29. The invention as described and illustrated in the specification. 
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Rat 5-HT2A 

1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 
61 tooaaattct ttotQaaoac aatatctctc toaactcaat tccaaactcc ttaatocaat 
121 tagotQatoQ cccaaaactc taccataato acttcaactc caqaqatqct aacgcttgqq 
181 aaacatcoaa ctoqacaatt oatoctQaaa acaoaaccaa cctctcctqt qaaqqqtacc 
241 tcRcaccoac atocctctcc attcttcatc tccaqqaaaa aaactqqtct qctttattqa 
301 caactqtcat o attattctc acnattocta oaaatatact qqtcatcatq qcaqtqtccc 
361 taoaaaaaaa octncaqaat Qccaccaact atttcctqat qtcacttqcc atgqctqata 
421 toctQctqqq tttccttotc atacctqtqt ccatottaac catcctatat qqqtaccqqt 
481 oGcctttqcc taqcaaqctc tqtacqatct qqatttacct qqatqtqctc ttttctacqq 
541 catccatcat Gcacctctqc occatctcc c tqqaccqcta totcoccatc caoaacccca 
601 ttcaccacao ccqcttcaac tccaqaacca aag ccttcct qaaaatcatt Gccqtqtqqa 
661 ccatatctGt aaqtatatcc atoccaatcc caqtctttqa actacaqqat qattcqaaqq 
721 tctttaaqqa ooqqaqctoc ctGCttqc co atqacaactt tqttctcata qqctcttttq 
781 tGqcattttt catcccccta a ccatcatqq tnatcaccta cttcctqact atcaaqtcac 
841 ttcaqaaaqa aoccaccttq tatotQaotq acctcaqcac tcqaqccaaa CtaqcctCCt 
901 tcaocttcct ccctcaqaqt t ctctqtcat caqaaaaqct cttccaacqq tccatccaca 
961 qaqaqccaqo ctcctacGca qqccqaaqqa cqatqcaqtc catcaqcaat qaqcaaaaqq 
1021 cqtqcaaqqt qctqqqcatc qtqttcttcc tqtttqttqt aatqtqqtqc ccattcttca 
1081 tcaccaatat c atoQccqtc atctqcaaaq aatcctqcaa tqaaaatqtc atcqqaqccc 
1141 tGctcaatqt ontqtctqq a ttqqttatc tctcctcaqc tqtcaatcca ctqqtatata 
1201 cqttqttcaa t aaaacttat anotccQcct tctcaaqqta cattcaqtqt caqtacaaqq 
1261 aaaacaqaaa occactqca q ttaattttaq toaacactat accaqcattq qcctacaaot 

FIGURE lA 
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1321 ctaotcaact ccaaatQQQa caoaaaaaaa actcacaaoa aaatQctQao caqacaotto 
1381 atoactoctc catoottaca ctoooQaaac aacaQtcoaa aoaaaattot acaoacaata 
1441 ttoaaaccQt Qaatoaaaao ottaQctoto tataataaac tggatgctat ggcaattgcc 
1 501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE lA - CONTINUED 
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Rat 5-HT2A 

MEILCEDNISLSSIPNSLMQLGDGPRLYHNDFNSRDANTSEASN 

WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIILTIAGNILVIMAVSLE 

KKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAIWIYLDVLFST 

ASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 

SKVFKEGSCLLADDNFVLIGSFVAFFIPLTIMVITYFLTIKSLQKEATLCVSDLSTRA 

KLASFSFLPQSSLSSEKLFQRSIHREPGSYAGRRTMQSISNEQKACKVLGIVFFLFVV 

MWCPFFITNIMAVICKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 

RYIQCQYKENRKPLQLILVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 

QQSEENCTDNIETVNEKVSCV 



FIGURE IB 
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Rat B-HTjc 
ORIGIN 23 bp upstream of Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
1 21 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga aacaatc ato otoaaccttQ ocaacQCQot QcoctcQctc 
721 ctoatQcacc taatcoocct attaatttaa caattcoata tttccataaa tccaotaoca 
781 Qctataotaa ctaacacttt taattcctcc QataQtaoac octtotttca attcccoqac 
841 QQQQtacaaa actoQCcaac actttcaatc Qtcotoatta taatcataac aataQQQQoc 
901 aacattctta ttatcatooc aotaaQcato Qaoaaoaaac tocacaatqc aaccaattac 
961 ttcttaatot ccctaoccat tQctoatato ctaQtooaac tacttotcat occcctotcc 
1021 ctocttocta ttctttatoa ttatotctoo cctttaccta aatatttotq ccccatctag 
1081 atttcactao atotoctatt ttcaactoco tccatcatoc acctctacoc catatcocto 
1141 oaccoQtato taacaatacQ taatcctatt Qaacataocc oattcaattc occoactaaQ 
1201 Qccatcataa aaattoccat cotttoaoca atatcaataa oaqtttcaot tcctatccct 
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1261 Qtoattooac tQaooQacoa aaQcaaaoto Ttcotoaata acaccacato cotoctcaat 
1321 oaccccaact tcottctcat CQQOtccttc otoocattct tcatcccQtt oacqattatq 
1381 qtoatcacct acttcttaac oatctacotc ctpeqccatc aaactctoat attacttcoa 
1441 qqtcacacco aooaoQaact ooctaatato ancctoaact ttctoaacto ctoctqcaaa 
1501 aaoaatqatQ QtoaaQaaoa oaacoctccQ aaccctaatc caQatcaoaa accaCQtcoa 
1561 aaoaaaaaaQ aaaaocotcc caoaQQcacc atocaaacta tcaacaacoa aaaqaaaoct 
1621 tccaaaqtcc ttqqcattqt attctttqtq tttctqatca tqtqqtqccc qtttttcatc 
1681 accaatatcc tqtcqqttct ttqtqqqaaq occtqtaacc aaaaqctaat qqaqaaqctt 
1741 ctcaatQtQt ttotqtqqat tqqctatqtq To ttcaaqca tcaatcctct qqtqtacact 
1801 ctctttaata a aatttacco aaonoctttc tctaaatatt tocQctQcqa ttataaqcca 
1861 Qacaaaaaoc ctcctottco acaoattcct aQoottqctq ccactqcttt qtctqqqaqq 
1921 oaQctcaato ttaacattta tcoQcatacc aatoaacQto toqctaqQaa aqctaatqac 
1981 cctqaqcctq qcataqaqat qcaqqtqqaq aactta oaqc tqccaqtcaa cccctctaat 
2041 qtqqtcaqcq aqaqqattaq taqtqtqtaa gcgaagagca gcgcagactt cctacaggaa 
2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 
2161 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 
2221 atcatgcgtt aatagtgaga ttcggg 



FIGURE 2A - CONTINUED 
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Rat 5-HT2C 

MVNLGNAVRSLLMHLIGLLVWQFDISISPVAAIVTDTFNSSDGG 

RLFQFPDGVQNWPALSIVVIIIMTIGGNILVIMAVSMEKKLHNATNYFLMSLAIADML 

VGLLVMPLSLLAILYDYVWPLPRYLCPVWISLDVLFSTASIMHLCAISLDRYVAIRNP 

lEHSRFNSRTKAIMKIAIVWAISIGVSVPIPVIGLRDESKVFVNNTTCVLNDPNFVLI 

GSFVAFFIPLTIMVITYFLTIYVLRRQTLMLLRGHTEEELANMSLNFLNCCCKKNGGE 

EENAPNPNPDQKPRRKKKEKRPRGTMQAINNEKKASKVLGIVFFVFLIMWCPFFITNI 

LSVLCGKACNQKLMEKLLNVFNAWIGYVCSGINPLVYTLFNKIYRRAFSKYLRCDYKPD 

KKPPVRQIPRVAATALSGRELNVNIYRHTNERVARKANDPEPGIEMQVENLELPVNPS 

NWSERISSV 



FIGURE 2B 



wo 98/38217 . PCTAJS98A>3991 _ 

Rat OiB-adrenergic 

MNPDLDTGHNTSAPAHWGELKDDNFTGPNQTSSNSTLPQLDVTR 

AISVGLVLGAFILFAIVGNILVILSVACNRHLRTPTNYFIVNLAIADLLLSFTVLPFS 

ATLEVLGYWVLLSFFCDIWAAVDVLCCTASILSLCAISIDRYIGVRYSLQYPTLVTRR 

KAILALLSVWVLSTVISIGPLLGWKEPAPNDDKECGVTEEPFYALFSSLGSFYIPLAV 

ILVMYCRVYIVAKRTTKNLEAGVMKEMSNSKELTLRIHSKNFHEDTLSSTKAKGHNPR 

SSIAVKLFKFSREKKAAKTLGIVVGMFILCWLPFFIALPLGSLFSTLKPPDAVFKVVF 

WLGYFNSCLNPIIYPCSSKEFKRAFMRILGCQCRGGRRRRRRRRLGACAYTYRPWTRG 

GSLERSQSRKDSLDDSGSCMSGTQRTLPSASPSPGYLGRGTQPPVELCAFPEWKPGAL 

LSLPEPPGRRGRLDSGPLFTFKLLGDPESPGTEGDTSNGGCDTTTDLANGQPGFKSNM 

PLAPGHF 



FIGURE 3A 



wo 98/38217 




Rat a^B'Sdi'^'^^i'O'C 

1 ooorQpantt taaaa toaat cccaatctaa acaccQQ cca caacacatca ocacctQCCC 
61 actoaQQaa a ottoaaaQat oacaacttca ctQQCCCcaa CCaqacctcq aqcgactcca 
121 cactQcccca actaaacatc accaoa QCca tctctatoao CCtqqtqctq QQCqccttca 
181 tcctctttoc catcQtQQQC aacatcttoo tcatcctatc ggtoqcctqc aaccqqcacc 
241 tQcaaacqcc caccaacta c tttatcqtca acctaoccat tqctqacctq ctqttqaqtt 
301 tcacaqtact acccttctcc nctaccctan aaotacttao ctactqqqtq ctqttqaqu 
361 tcttctotoa c atctaaaca ocootaaato tcctqtqctq tacqqcctCC atcctqaqcc 
421 tatotoccat ctccattaac coctacatt o QootQCoata ctctctqcaq taccccacqc 
481 tQQtcaccca caqQaaoo cc atcttqqcac tcctcaqtot qtqqqtcttq tccacqqtca 
541 tctccatcao occtctcctt ooatoQaa aa aacctonanc caatoatqac aaaqaatqtq 
601 qoatcaccoa aoaaccc ttn tacaccctct tttcctccct qqqctccttc tacatcccqc 
661 tcocQotcat cctoatcato tactqcca na tctacatcot oQccaaqaqq accaccaaqa 
721 atctaoaQQC Qaoaotca to aaoaaaatat ccaactccaa qqaqctqacc ctqaqqatCC 
781 actccaaoaa ctttcataa o oacaccctna ocaotaccaa Qqccaaqqqc cacaacccca 
841 qpaottccat aoctntcaaa rtttttaaot tctccaaqqa aaaqaaaqca qccaaaacct 
901 tgoacattot aatcqoaato t tcatcttat qttqqctccc cttcttcatc qctCtCCCqc 
961 ttooctccct Qttctccacc ctaaaocccc cqqacqccat qttcaaqqtq qtqttctqqc 
1021 togoctactt caacaactqc ctcaatcc ca tcatctaccc atqctccaqc aaqqaqttca 
1081 aocgcgcctt catgcgtatc cttqqgtg cc agtgccgcgg tqgccgccgc cqccqccqcc 
1141 gtcgccgtct aggcgcgtg c gcttacacct accggccqtg gacccqcqqc qqctcqctqq 
1201 aqaqatcaca qtcqcqqaa p gactctctgg atqacagcqg cagctqcatq aqcqqcacoc 
1261 agaggaccct gccctcggcg tcgccca gcc cgggctacct gqgtcgagqa acgcagccac 
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1321 CCQtQQaQCt QtQCQCCttC CCCQaOtQ Qa aacccQQ QQC QCtQCtcaoc ttQCcaoaQC 

1381 CtCCtqqCCq CCqcqqCCqt CtCqaCtCtq qqCC9Ctgtt C9CCttC9aq CtCCtqqqcg 
1441 atcctQaoaQ cccQooaacc QaaqacQaca ccaacaacQQ QQQCtQCQac accacQacco 
1501 acctOQCcaa CQQQcaaccc QQCttcaaoa acaacatocc cctqqcQCCc QQQcactttt 
1561 agggtccctt ttcatcctcc ccctcaacac actcacacat cggggtgggg gagaacacca 
1621 tcgtaggggc gggagggcgc gtggggggag tgtcagccct aggtagacac agggtcgcaa 
1681 ggggacaagg ggggaggggg gcggggagag gggcagctgc ttttctggca ggggcatggg 
1741 tgccaggtac agcgaagagc tgggctgagc atgctgagag cgtggggggc ccccctagtg 
1801 gttccgggac ttaagtctct ctctcttctc tctctgtata tacataaaat gagttcctct 
1861 attcgtam atctgtgggt acacgtgcgt gtgtctgttc ggtgtacgtg tgggctgcat 
1921 gggtgtgagt gtgaggcctg cccgcacgcg cgtgccgggg cagagcgagt gcgccccctg 
1981 gtgacgtcca ggtgtgttgt ttgtctcttg actttgtacc tctcaagccc ctccctgttc 
2041 tctagtcaat gctggcactt tgataggatc ggaaaacaag tcagatatta aagatcattt 
2101 ctcctgtg 
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Site-direct. J mutagenesis procedure forth^ 5-HT2C receptor. 
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Human S-HTj;^ 

1 gaattcgggt gagccagctc cgggagaaca gcatgtacac cagcctcagt gttacagagt 
61 gtgggtacat caaggtgaat ggtgagcaga aactataacc tgttagtcct tctacacctc 
121 atctgctaca agttctggct ta^^aratgpa tattctttot oaaoaaaata cttctttoaa 
181 ctcaactacQ aactccctaa tacaattaa a toatoacacc aQQCtCtaca qtaatqactt 
241 taactctQQa Qaaoctaac a cttctaatan atttaactOQ acaqtcqact Ctqaaaatcq 
301 aaccaacctt tcctatoaaa QQtocctct n ancQtcqtqt ctctccttac ttcatCtCCa 
361 naaaaaaaac tQQtctoct t rantoacaor notaatqatt attctaacta ttqctqqaaa 
421 natactcQtc atcatooca o tntnrctaQa aaaaaaqctq caqaatqccg CCagctattt 
481 cctoatQtca cttQccatao ctaatatq fit octQoqmc cttotcatqc ccqtqtccat 
541 Qttaaccatc ctqtatqqot accqqtoocc tctQc raaac aaactttqtq caqtctqqat 
601 ttacctqqac otoctcttct ccacoQcc tc catcatocac ctctacqcca tctcqctqqa 
661 ccQCtacqtc occatccaoa atcccato ca ccacaaccqc ttcaactcca qaactaaqgc 
721 atttctcaaa atcattqctq t ttoaaccat atnaotaogt atatccatqc caataccaqt 
781 ctttqqqcta caooacqatt RQaaaotctt taaQQaoggq aqttqcttac tcqccqatqa 
841 taactttQtc ctaatcQQCt c ttttototc atttttcatt cccttaacca tcatqqtqat 
901 cacctacttt ctaactatca aQtcactcca naaaoaaQCt actttqtqtq taaqtqatct 
961 tQQcacacqa nccaaatta o cttctttcao cttcctccct caqaqttctt tqtcttcaqa 
1021 aaaoctcttc caocggtcg a tccataggqa Qccagqqtcc tacacaqqca qqaqqactat 
1081 QcaQtccatc aacaatgagc aaaaggcato caaggtqctg qqcatcqtct tCttCCtqtt 
1141 tqtaQtgatg to ataccctt tcttcatcac aaacatcatg qccqtcatct qggggqgqtC 
1201 ctqcaatqag gatgtcattq ooQccctgct caatgtqttt qtttqgatcq qttatctctc 
1261 ttcaocaotc aacccacta o tntacacact attcaacaag acctataqqt caqccttttc 
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1321 acgqtat9tt cgqtgtgsqt ggggqqgggg cggggggccg ttgcggttaa ttttggtggg 
1381 cggggtggcg gctttggcct gcgggtctgg ccggcttggg gtggggcggg ggaggggttP 

1441 aaaacaaaat Qccaaoacaa caoataataa ctoctcaatQ QttQCtctaa Qaaaacaaca 
1501 ttctaaaQao Qcttctaaao acaataacQa CQaaotoaat QaaaaoatQa octatatata 
1561 ataggctagt tgccgtggca actgtggaag gcacactgag caagttttca cctatctgga 
1621 aaaaaaaaat atgagattgg aaaaaattag acaagtctag tggaaccaac gatcatatct 
1681 gtatgcctca ttttattctg tcaatgaaaa gcggggttca atgctacaaa atgtgtgctt 
1741 ggaaaatgtt ctgacagcat ttcagctgtg agctttctga tacttattta taacattgta 
1801 aatgatatgt ctttaaaatg attcactttt attgtataat tatgaagccc taagtaaatc 
1861 taaattaact tctattttca agtggaaacc ttgctgctat gctgttcatt gatgacatgg 
1921 gattgagttg gttacctatt gccgtaaata aaaatagcta taaatagtga aaattttatt 
1981 gaatataatg gcctcttaaa aattatcttt aaaacttact atggtatata ttttgaaagg 
2041 agaaaaaaaa aaagccacta aggtcagtgt tataaaatct gtattgctaa gataattaaa 
2101 tgaaatactt gacaacattt ttcatagata ccattttgaa atattcacaa ggttgctggc 
2161 atttgctgca tttcaagtta attctcagaa gtgaaaaaga cttcaaatgt tattcaataa 
2221 ctattgctgc tttctcttct acttcttgtg ctttactctg aatttccagt gtggtcttgt 
2281 ttaatatttg ttcctctagg taaactagca aaaggatgat ttaacattac caaatgcctt 
2341 tctagcaatt gcttctctaa aacagcacta tcgaggtatt tggtaacttg ctgtgaaatg 
2401 actgcatcat gcatgcactc ttttgagcag taaatgtata ttgatgtaac tgtgtcagga 
2461 ttgaggatga actcaggttt ccggctactg acagtggtag agtcctagga catctctgta 
2521 aaaagcaggt gactttccta tgacactcat caggtaaact gatgctttca gatccatcgg 
2581 tttatactat ttattaaaac cattctgctt ggttccacaa tcatctattg agtgtacatt 
2641 tatgtgtgaa gcaaatttct agatatgaga aatataaaaa taattaaaac aaaatccttg 
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2701 ccttcaaacg aaatggctcg gccaggcacg gaggctcgtg catgtaatcc tagcactttg 
2761 ggaggctgag atgggaggat cacttgaggc caagagtttg agaccaacct gggtdacaaa 
2821 gtgagacctc cctgtctcta caaaaaaaat caaaaaatta tctgatcctt gtggcacaca 
2881 actgtggtcc cagctacagg ggaggctgag acgcaaggat cacttgagcc cagaagctca 
2941 aggctgcagt gagccaagtt cacaccactg ccatttcctc ctgggcaaca gagtgagacc 
3001 ctatcacccc gaattc 
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Human 5-HT2A 

MDILCEENTSLSSTTNSLMQLNDDTRLYSNDFNSGEANTSDAFN 

WTVDSENRTNLSCEGCLSPSCLSLLHLQEKNWSALLTAVVIILTIAGNILVIMAVSLE 

KKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAVWIYLDVLFST 

ASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 

SKVFKEGSCLLADDNFVLIGSFVSFFIPLTIMVITYFLTIKSLQKEATLCVSDLGTRA 

KLASFSFLPQSSLSSEKLFQRSIHREPGSYTGRRTMQSISNEQKACKVLGIVFFLFVV 

mWOIPFFOtnimavickescnedvigallnvfvwigylssavnplvytlfnktyrsafs 

ryiqcqykenkkplqlilvntipalaykssqlqmgqkknskqdakttdndcsmvalgk 

qhseeaskdnsdgvnekvscv 
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Human S-HTjc 

1 gaattcggga gcgtcctcag atgcaccgat cttcccgata ctgcctttgg agcggctaga 
61 ttgctagcct tggctgctcc attggcctgc cttgcccctt acctgccgat tgcatatgaa 
121 ctcttcttct gtctgtacat cgttgtcgtc ggagtcgtcg cgatcgtcgt ggcgctcgtg 
181 tgatggcctt cgtccgttta gagtagtgta gttagttagg ggccaacgaa gaagaaagaa 
241 gacgcgatta gtgcagagat gctggaggtg gtcagttact aagctagagt aagatagcgg 
301 agcgaaaaga gccaaaccta gccggggggc gcacggtcac ccaaaggagg tcgactcgcc 
361 ggcgcttcct atcgcgccga gctccctcca ttcctctccc tccgccgagg cgcgaggttg 
421 cggcgcgcag cgcagcgcag ctcagcgcac cgactgccgc gggctccgct gggcgattgc 
481 agccgagtcc gtttctcgtc tagctgccgc cgcggcgacc gctgcctggt cttcctcccg 
541 gacgctagtg ggttatcagc taacacccgc gagcatctat aacataggcc aactgacgcc 
601 atccttcaaa aacaactgtc tgggaaaaaa agaataaaaa gtagtgtgag agcagaaaac 
661 gtgattgaaa cacgaccaat ctttcttcag tgccaaaggg tggaaaagaa aggatgatat 
721 gatgaaccta gcctgttaat ttcgtcttct caattttaaa ctttggttgc ttaagactga 
781 aqcaatcatQ qtoaacctoa QoaatQcaot ocattcattc cttQtQcacc taattqqcct 
841 attQQtttoQ caatotoata tttctntaaQ cccaotaaca QCtataataa ctqacatttt 
901 caatacctcc oatoataaac octtcaaatt cccadacooo otacaaaact ooccagcact 
961 ttcaatcotc atcataataa tcataacaat aootoQcaac atccttotoa tcataacaqt 
1021 aaQcataoaa aaaaaactoc acaatoccac caattacttc ttaatotccc taaccattoc 
1081 taatatocta o toaoactac ttatcatocc cctotctctc ctoocaatcc tttatoatta 
1141 tatctoocca ctacctaoat atttotoccc CQtctooatt tctttaaatQ ttttattttc 
1201 aacaocQtcc atcatacacc tctococtat atcQctaoat cqqtatgtaq caatacotaa 
1261 tcctattqaq c ataqccqtt tcaattcqcq oactaaQqcc atcatqaaqa ttqctattqt 
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1321 ttoQQcaatt tctataaotQ t atcaottcc ta tncctoto attOQactoa CQQacQaaaa 
1381 aaaaotottc otoaacaaca caacotocQt Qctcaa coac ccaaatttco ttcttattOQ 
1441 Qtccttcota octttcttca taccQctoac QattatoatQ anacQtatt QCCtoaccat 
1501 ctacQttcta CQccoacaaa ctttoatott actacacaac cacaccqagg aaccqcctqg 
1561 actaaatcto qatttcctoa aatoctqcaa aaqQaa taca qccoaqaaaq aqaactctqc 
1621 aaaccctaac caaqaccaqa acqcacoccq aaQaaaoaaa aaoaaqaqac qtcctaqqqg 
1681 caccatqcaq octatcaaca atoaaaaa aa aacttcqaaa qtccttgooa ttottttctt 
1741 tototttcto atcatotoot qc ccattttt cattaccaat attctqtctq ttctttqtqa 
1801 qaaotcctot aaccaaaaqc tcatoqaaaa qcttctqaat qtotttgttt gqattqqcta 
1861 tqtttqttca q oaatcaatc ctctootata tactctattc aacaaaattt accqaaoqqc 
1921 attctccaac tatttqcott qcaattataa aataQaoaaa aaqcctccto tcaqqcaqat 
1981 tccaaqaott qccqccactq ctttqtctoq qaqgqaqctt aatqttaaca tttatcggca 
2041 taccaatgaa ccaqtgatcq agaaagccag tgacaatqao cccggtatag aqatgcaagt 
2101 tqacaattta oaottaccag taaatccctc cagtqtgqtt aqcgaaagqa ttagcaqtat 
2161 atgagaaaga acagcacagt cttttctacg gtacaagcta catatgtagg aaaattttct 
2221 tctttaattt ttctgttggt cttaactaat gtaaatattg ctgtctgaaa aagtgttttt 
2281 acatatagct ttgcaacctt gtactttaca atcatgccta cattagtgag atttagggtt 
2341 ctatatttac tgtttataat aggtggagac taacttattt tgattgtttg atgaataaaa 
2401 tgtttatttt tgctctccct cccttctttc cttccttttt tcctttcttc cttcctttct 
2461 ctctttcttt tgtgcatatg gcaacgttca tgttcatctc aggtggcatt tgcaggtgac 
2521 cagaatgagg cacatgacag tggttatatt tcaaccacac ctaaattaac aaattcagtg 
2581 gacatttgtt ctgggttaac agtaaatata cactttacat tcttgctctg ctcatctaca 
2641 catataaaca cagtaagata ggttctgctt tctgatacat ctgtcagtga gtcagaggca 
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2701 gaacctagtc ttgttgttca tataggggaa ttc 
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Human S-HT^c 

mvnlrnavhsflvhligllvwqcdisvspvaaivtdifntsdgg 
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ehsrfnsrtkaimkiaivwaisigvsvpipviglrdeekvfvnnttcvlndpnfvlig 

sfvaffipltimvitycltiyvlrrqalmllhghteeppglsldflkcckrntaeeen 

sanpnqdqnarrrkkkerrprgtmqainnerkaskvlgivffvflimWCPFFDtnils 
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Rat 5-HT2A Cysteine -* Lysine IVIutant 
IVIEILCEDNISLSSIPNSLIVIQLGDGPRLYHNDFNSRDANTSEASN 
WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIiLTIAGNILVIIVIAVSLE 
KKLQNATNYFLMSLAIADMLLGFLVIVIPVSMLTILYGYRWPLPSKLCAIWIYLDVLFST 
ASIIVIHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISIS/IPIPVFGLQDD 
SKVFKEGSCLLADDNFVLIGSFVAFFIPLTIIVIVITYFLTIKSLQKEATLCVSDLSTRA 
KLASFSFLPQSSLSSEKLFQRSIHREPGSYAGRRTMQSiSNEQKAj^KVLGIVFFLFVV 
MWCPFFITNIIVlAViCKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 
RYIQCQYKENRKPLQLILVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 
QQSEENCTDNIETVNEKVSCV 



FIGURE 22 



wo 9838217 3-5^"^ PCrAJS98/03991 

Rat 5HT2A Cysteine -» Lysine IVIutant 
1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagac^ 
61 tQoaaattct ttotoaaaac aatatctctc toaactcaat tccaaactcc ttaatocaat 
121 taootQataQ cccQaoQctc taccataato acttcaactc caoaQatQct aacacttcQQ 
181 aaacatcoaa ctooacaat t oatQctoaaa acaoaaccaa cctctcctot oaaQoatacc 
241 tcccaccoac atocctctc c attcttcatc tccaoaaaaa aaactaatct QCtttattoa 
301 caactQtcQt oattattctc accattocto oaaatatact qqtcatcatq gcagtotccc 
361 taoaaaaaaa actacaaaat occaccaact atttcctoat otcacttacc ataoctaata 
421 tQctQctaaa tttccttotc atocctatot ccatottaac catcctqtat qogtaccggt 
481 qqcctttqcc taqcaaactc tqtqcqatct ooatttacct qqatqtqctc ttttctacqg 
541 catccatcat qcacctctqc qccatctccc tqqaccqcta tqtcgccatc cagaacccca 
601 ttcaccacaq ccocttcaac tccaoaacca aaoccttcct qaaaatcatt occgtqtqga 
661 ccatatctqt aqqtatatcc atqccaatcc caqtctttgo actacaqqat qattcgaaqq 
721 tctttaaqqa qqqqaqctqc ctqcttqcco atoacaactt tqttctcata qqctcmtq 
781 tqqcattttt ca tcccccta accatcatqq tqatcaccta cttcctqact atcaaqtcac 
841 ttcaqaaaqa aqccaccttq tqtqtqaqto acctcaqcac tcqaqccaaa ctaqcctcct 

901 tcaqcttcct ccctcaqaqt tctctqtcat caaaaaaqct cttccaacqq tccatccaca 

Start C322K primer — ^ 

961 qaqapccaqq ctcctacqca qqccqaaqqa cqatqcaqtc catcaqcaat Qaqcaaaaqq 

I ^End C322K primer 

1021 cqfflSi^aaaq t qctqqqcatc qtqttdttcc tqtttqttqt aatqtqqtqc ccattcttca 
1081 tcaccaatat catqqccqtc atctqcaaaq aatcctqcaa tqaaaatqtc atcqqaqccc 
1141 tqctcaatqt qtttqtctqq attqqttatc tctcctcaqc tqtcaatcca ctqgtatata 
1201 cqttqttcaa taaaacttat aaotccqcct tctcaaqqta cattcaqtqt caqtacaaqq 
1261 aaaacaqaaa qccactqcaq ttaattttaq tqaacactat accaqcattq qcctacaaqt 

FIGURE 23 



RNSOOCIO: <WO 083821 7A1 I > 



wo 98/38217 




PCT/US98/03991 



1321 rtaatcaact ccaQQtQQQa caoaaaa aoa actcacaaoa aoatQCtQaq caqacaottq 
1381 ataactQctc catoattaca ctaoQaaa an aacaotcQaa aaaqaattot acaqacaata 
1441 ttqaaaccqt oaatQaaaao ottaactqtq tqtqatqaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 23 - CONTINUED 



wo 98/38217 ^^^S PCTAJS98AB991 

Rat 5HT2A Cysteine -* Lysine iVIutant with Restriction Site 

1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagacs 

61 tooaaattct ttotoaaaac aatatctctc toaoctcaat tccaaactcc ttaatocaat 

121 taQQtoatQQ cccoaooctc taccataato acttcaactc caaaQatact aacacttcoQ 

181 aaocatcQaa ctaoacaatt QatQctoaaa acaoaaccaa cctctcctot Qaaaoatacc 

241 tcccaccoac atocctctcc attcttcatc tccaoqaaaa aaactootct octttattoa 

301 caactQtcQt oattattctc accattocta oaaatatact Qotcatcato acaotatccc 

361 taoaaaaaaa QctQcaoaat accaccaact atttcctoat otcacttacc ataoctoata 

421 toctoctQQQ tttccttQtc atocctQtQt ccatQttaac catcctotat QQQtaccQot 

481 QQCctttQCC taqcaaoctc totacaatct Qoatttacct aaatotactc ttttctacoa 

541 catccatcat Qcacctctoc accatctccc taaaccacta tctcaccatc caoaacccca 

601 ttcaccacao ccocttcaac tccaoaacca aaoccttcct oaaaatcatt occQtotOQa 

661 ccatatctQt aoatatatcc atoccaatcc caQtctttoo actacaoaat QattcaaaQo 

721 tctttaaooa oooQaQCtQC ctocttQcca ataacaactt tottctcata Qoctctttta 

781 tQQcattttt catcccccta accatcatao toatcaccta cttcctoact atcaaotcac 

841 ttcaoaaaaa aaccacctta totatQaoto acctcaocac tcoaaccaaa ctaacctcct 

901 tcaocttcct ccctcaoaQt tctctotcat caaaaaaoct cttccaacoa tccatccaca 

Start C322K primer-^ 

961 QaaaQCcaQg ctcctacoca OQccoaaoQa caatQcaatc catcaocaatiQaQcaaaaoQ 

J End C322K primer 

1021 ca@@^aa@Qt gtctaaacatc ctQttc[ttcc totttottot aatotaatac ccattcttca 

^ 1- Mutations to create Seal site 

1081 tcaccaatat catooccatc atctQcaaao aatcctocaa toaaaatotc atcoaaaccc 

1141 tQCtcaatot otttotctoo attaottatc tctcctcaoc totcaatcca ctootatata 

1201 CQttQttcaa taaaacttat aootccQCct tctcaaoota cattcaotat caotacaaap 

1261 aaaacaoaaa Qccactocao ttaattttao toaacactat accaocatta occtacaaot 



FIGURE 24 



wo 98/38217 '^J^ PCTAJS98A)3991 

1321 fitaatcaoct ncaQataaa a caaaaaaaoa actcacaoQa aoatqctqaq caqacaottq 
1381 atqactoctc natoottac a ctQaaqaaac aacaqtcoqa aqaqaattqt acaqacaata 
1441 ttoaaaccqt oaatoaaaaq qttaqctqtq tqtqatqaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 24 - CONTINUED 



wo 9838217 




PCT/US98/03991 



Rat 5-HT2A Cysteine Arginine IVIutant 
MEILCEDNISLSSIPNSLIVIQLGDGPRLYHNDFNSRDANTSEASN 
WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIILTIAGNILVIMAVSLE 
KKLQNATNYFLIVISLAIADMLLGFLVMPVSIVILTILYGYRWPLPSKLCAIWIYLDVLFST 
ASIMHLCAISLDRYVAIQNPiHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 
SKVFKEGSCLLADDNFVLIGSFVAFFIPLTIMVITYFLTIKSLQKEATLCVSDLSTRA 
KLASFSFLPQSSLSSEKLFQRSIHREPGSYAGRRTMQSISNEQKAjSKVLGIVFFLFVV 
IVIWCPFFITNIMAVICKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 
RYIQCQYKENRKPLQLILVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 
QQSEENCTDNIETVNEKVSCV 



FIGURE 25 



wo 98^8217 ^y^^ PCT/US98W3991 

Rat SHTjA Cysteine -* Arglnine Mutant 
1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagac^ 
61 tooaaattct TtQtaaaQa c aatatctctc taaoctcaat tccaaactcc ttaatocaat 
121 taootoatQQ cccoaoQctc taccataato acttcaactc caaaqatqct aacacttcao 
181 aaocatcoaa ctooacaa tt aatQCtoa aa acaoaaccaa cctctcctat aaaQootacc 
241 tcccaccoac atacctctcc attcttcatc tccaoaaaaa aaactaotct QCtttattoa 
301 caactotCQt oattattctc accattocto oaaatatact ootcatcato acaototccc 
361 taoaaaaaaa octQcaaaat occaccaact atttcctoat Qtcacttocc ataactoata 
421 tactQCtQao tttccttotc atocctatat ccatottaac catcctotat aoQtaccQQt 
481 QQCctttQcc taocaaoctc tatacoatct Qoatttacct oaatqtqctc ttttctacqg 
541 catccatcat ocacctcta c occatctccc tooaccocta totcoccatc caaaacccca 
601 ttcaccacao ccocttcaac tccaqaacca aaaccttcct aaaaatcatt accqtQtqqa 
661 ccatatctQt aqqtatatcc atqccaatcc caqtctttqq actacaqqat qattcqaaqq 
721 tctttaaqoa oogqaqctqc ctqcttqcca atoacaactt tqttctcata qqctctttta 
781 tqqcattttt catcccccta accatcatqq toatcaccta cttcctqact atcaaqtcac 
841 ttcaqaaaoa aqccaccttq tqtqtqaqta acctcaqcac tcoaoccaaa ctaqcctcct 

901 tcaqcttcct ccctcaqaqt tctctqtcat caqaaaaqct cttccaacqq tccatccaca 

Start C322R primer • 1 

961 qaqaqccaqo ctcctacqca qqccQaaQaa coatqcaqtc catcaqcaat qabcaaaaqq 



f~End C322R primer 

1021 coagl^aaggt qctaoqcatc Qtattcttccftotttottot aatqtoqtqc ccattcttca 
1081 tcaccaatat catqqccqtc atctqcaaa q aatcctqcaa tqaaaatqtc atcqqaqccc 
1141 tqctcaatqt qtttqtctqq attqqttatc tctcctcaqc tqtcaatcca ctqqtatata 
1201 cqttqttcaa taaaacttat aqqtccqcct tctcaaqqta cattcaqtqt caqtacaaqq 
1261 aaaacaqaaa qccactqcaq ttaattttaq tqaacactat accaqcattq qcctacaaqt 



FIGURE 26 



wo 9809217 ^{/i? PCT/US98/03991 

1321 ctaatcaoct ccaoatQQQa caaaaaaaaa actcacaaaa aoatactQao caoacaottQ 
1381 atoactQCtc cataottaca ctaQoaaaac aacaotCQQa aaaoaattat acaoacaata 
1441 ttoaaaccQt Qaataaaaao ottaactato tataatoaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 26 - CONTINUED 



wo 98/38217 



PCT/US98/03991 



Rat 5HT 



Cysteine -* Arginine Mutant with Restriction Site 



1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagacs 



61 tooaaattct ttatoaaaac aatatctctc toaoctcaat tccaaactcc ttaatacaat 
121 taootQataa cccaaoQctc taccataato acttcaactc caQaaatoct aacacttcon 
181 aaacatcoaa ctooacaatt Qatactoaaa acaoaaccaa cctctcctot QaaoQatanr 
241 tcccaccoac atocctctcc attcttcatc tccaooaaaa aaactoatct octttattoa 
301 caactatcQt oattattctc accattacta oaaatatact oatcatcatQ Qcaototccc 
361 taoaaaaaaa octocaoaat occaccaact atttcctoat Qtcacttocc ataoctoata 
421 tQCtactQQQ tttccttotc atocctQtQt ccatattaac catcctotat QQOtaccQQt 
481 QQcctttQCC taQcaaoctc totacaatct aoatttacct aaatotQctc ttttctacoQ 
541 catccatcat Qcacctct ac occatctccc tcoacc Qcta totcaccatc cao aacccca 
601 ttcaccacao ccacttcaac tccaoaa cca aaocctt cct oaaaatcatt Qccatotoaa 
661 ccatatctot aaatatatcc atoccaatcc caotctttoo actacaoaat aattcQaaoQ 
721 tctTtaaoQa QQaoaactQC ctQCttocco atoacaactt tottctcata oactcttttQ 
781 TQQcattttt catcccccta accatcatoo toatcaccta cttcctoact atcaaotcac 
841 ttcaoaaaaa aaccacctto totataa ato acctcao cac tcQaoccaaa ctaocctcct 
901 tcaacttcct ccctcaoaat tctctotcat caaaaaaact cttccaacoQ tccatccaca 



961 oaaaQCcaQQ ctcctacoca QQccaaacQa cQatocaatc catcaocaat Qafacaaaaog 



1021 CQgigigiaanQt octaoQcatc Qtottcttccytatttottat aatotaatac ccattcttca 
1081 tcaccaatat cataoccQtc atctocaaao aatcctocaa toaaaatotc atcQQaoccc 
1141 tactcaatat otttotctoa attoottatc tctcctcaac totcaatcca ctaotatata 
1201 CQttQttcaa taaaacttat aaatccacct tctcaaaota cattcaotot caatacaaoo 
1261 aaaacaoaaa Qccactacao ttaatmaa toaacactat accaocatta Qcctacaaot 



Start C322R primer 





End C322R primer 



FIGURE 27 



wo 98/38217 ^^/St PCT/US98/03991 

1321 ctaQtcaoct ccaaotooQa caQaaa aaoa actcacaaaa aaatactaaa caoacaattq 
1381 atoactoctc catoottaca ctQQQoaaac aacaQtccaa aaaaaattat acaqacaata 
1441 ttoaaaccQt oaataaaaao ottaQctoto tataatoaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 27 - CONTINUED 



wo 98/38217 ^^{J'J? PCTAJS98A)3991 

Rat 5-HT2A Cysteine Glutamic Acid IVIutant 

MEILCEDNISLSSIPNSLMQLGDGPRLYHNDFNSRDANTSEASN 

WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIILTIAGNILVIMAVSLE 

KKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAIWIYLDVLFST 

ASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 

SKVFKEGSCLLADDNFVLIGSFVAFFIPLTIMVITYFLTIKSLQKEATLCVSDLSTRA 

KLASFSFLPQSSLSSEKLFQRSIHREPGSYAGRRTMQSISNEQKA§KVLGIVFFLFVV 

MWCPFFITNIMAVICKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 

RYIQCQYKENRKPLQLILVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 

QQSEENCTDNIETVNEKVSCV 



FIGURE 28 



wo 98^8217 ^^/S^ PCT/US98/03991 „ 

Rat 5HT2A Cysteine -* Glutamic Acid IVlutant 
1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 
61 tQQaaattct ttotaaaaac aatatctctc toaoctcaat tccaaactcc ttaatocaat 
121 taQQtoatQQ cccQaoQctc taccataato acttcaactc caQaoatact aacacttCQo 
181 aaocatCQaa ctooacaatt Qatactoaaa acaoaaccaa cctctcctat QaaoaQtacc 
241 tcccaccoac atocctctcc attcttcatc tccaoaaaaa aaactootct octttattoa 
301 caactotcot oattattctc accattocta aaaatatact Qotcatcato Qcaototccc 
361 taoaaaaaaa octQcaaaat occaccaact atttcctoat otcacttocc ataQctoata 
421 tQCtQCtQOQ tttccttotc atocctQtQt ccatQttaac catcctotat OQQtaccQQt 
481 QQCcmocc taocaaactc totQcoatct Qoatttacct QoatotQctc ttnctacoQ 
541 catccatcat Qcacctctoc occatctccc taaaccQcta totcaccatc caoaacccca 
601 ttcaccacag ccocttcaac tccaaaacca aaoccttcct oaaaatcatt occototoffa 
661 ccatatctQt aootatatcc atoccaatcc caotctttaa actacaoaat QattcoaaoQ 
721 tctttaaaoa oQQQaQctoc ctQcttocca atoacaactt tottctcata aoctcttttQ 
781 toacattttt catcccccta accatcatoo toatcaccta cttcctoact atcaaotcac 
841 ttcaaaaaoa aoccaccttQ tototoaQta acctcaocac tcQaoccaaa ctaocctcct 

901 tcaocttcct ccctcaaaot tctctotcat caoaaaaoct CttccaacQO tccatccaca 

Start C322E primer . 

961 QaaaQccaoQ ctcctacoca QQCcQaaoQa cQatocaotc catcaocaat Qa) acaaaaoa 

r— End C322E primer 

1021 CQ^gigiaaoot octooQcatc otottcttccl totttattot aatotootQC ccattcttca 
1081 tcaccaatat catoQccotc atctacaaao aatcctocaa toaaaatotc atcooaQccc 
1141 tactcaatat otttotctoo attoottatc tctcctcaoc totcaatcca ctootatata 
1201 cattottcaa taaaacttat aoatccQCct tctcaaaota caTtcaotot caotacaaao 
1261 aaaacaqaaa Qccactacao ttaattttaa toaacactat accaacatto Qcctacaaot 



FIGURE 29 



wo 98^8217 PCT/US98/03991 ^ 

1321 ctaotcaoct ccaQOtaoQa caaaaaaaoa actcacaaaa aoa tortnaQ caaacaotta 
1381 atoactQctc cat&Qttaca ctQaaaaaac aacaotCQQa aaaa aattat acaoacaata 
1441 ttnaaaccQt QaatoaaaaQ ottaQCtato to toatQaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 29 - CONTINUED 



W0 98A38217 PCT/US98/«3991 _ 

Rat SHTjA Cysteine -* Glutamic Acid Mutant with Restriction Site 
1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 
61 taoaaattct ttotaaaoac aatatctctc taaactcaat tccaaactcc ttaatQcaat 
121 taoatoatQQ cccoaoQctc taccataato acttcaactc caQaQatQCt aacacttcqq 
181 aaocatcQaa ctooacaat t oatoctaaaa acaoaaccaa cctctcctat qaaoggtacc 
241 tcccaccoac atgcctctcc attcttcatc tccaooaaaa aaactaotct octttattqa 
301 caactQtcat o attattctc accattQcto oaaatatact aotcatcatQ QCaqtOtCCC 
361 taoaaaaaaa actocaaaat accaccaact atttcctaat qtcactTQCC ataqctqata 
421 tQctoctaQO tttccttotc atocctotot c catottaac catcctotat qqotaccqot 
481 oQcctttQCC taacaaactc tatQcoatct ooatttacct aaatotqctc ttttctacoo 
541 catccatcat ocacctctoc occatctccc tooaccacta totcoccatc caqaacccca 
601 ttcaccacaa ccocttcaac tccaoaac na aaoccttcct qaaaatcatt occotqtqqa 
661 ccatatctat aoatatatcc ataccaatcc caQtctttoo actacaqqat qattcqaaqq 
721 Tctttaaaoa QaaaaQCtqc ctacttocc Q atoacaactt tqttctcata qqctcttttq 
781 toQcattttt catcccccta accatcatoo toatcaccta cttcctoact atcaaotcac 
841 ttcaoaaaoa aoccaccttQ totatoaoto acctcaocac tcQaoccaaa ctaqcctcct 
901 tcaocttcct ccctcaoaot t ctctotcat caoaaaaqct cttccaacqq tccatccaca 

Start C322E primer 1 

961 aaoaQccaq Q ctcctacaca aQccaaaoQa cqatqcaqtc catcaqcaat qaiqcaagaqq 

r— End C322E primer 

1021 cogsigaaoot actaoacatc otottcttcd tqtttqttqt aatqtqqtqc ccattcttca 

't' Mutation to create Rsal site 
1081 tcaccaatat catooccotc atctocaaao aatcctocaa toaaaatqtc atcqqaoccc 

1141 toctcaatqt otttotctgo at toattatc tctcctcaoc tatcaatcca ctqqtatata 

1201 cottgttcaa taaaacttat aaotccocct tctcaago ta cattcagtot cagtacaago 

1261 aaaacagaaa gccactgcag ttaattttag tgaaca ctat accagcatto gcctacaaot 



FIGURE 30 



wo 98/38217 PCT/US98A0991 _ 

1321 ctaatcacct ccaoatOQaa caQaa aaaaa actcacaaaa aQatQCtoaa caaacaottQ 
1381 atoactQctc catoattaca ctooQaa aac aacaatcoaa aaaoaattQt acaqacaata 
1441 ttaaaaccQt oaataaaaao attaoctotQ totaataaac tggatgctat ggcaattgcc 
1 501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 30 - CONTINUED 



wo 98/38217 ^^/S^ PCT/US98/03991 _ 

Rat 5-HT2C Serine -* Lysine Mutant 
MVNLGNAVRSLLMHLIGLLVWQFDISISPVAAIVTDTFNSSDGG 

RLFQFPDGVQNWPALSIVVIIIIVITIGGNILVIMAVSMEKKLHNATNYFLMSLAIADIVIL 

VGLLVIVIPLSLLAILYDYVWPLPRYLCPNAA^ISLDVLFSTASIMHLCAISLDRYVAIRNP 

lEHSRFNSRTKAIMKIAIVWAISIGVSVPIPVIGLRDESKVFVNNTTCVLNDPNFVLI 

gsfvaffipltimvityfltiyvlrrqtlmllrghteeelanmslnflnccckkngge 

eenapnpnpdqkprrkkkekrprgtmqainnekkaUkvlgivffvflimwcpffitni 

lsvlcgkacnqklmekllnvfnaa/igyvcsginplvytlfnkiyrrafskylrcdykpd 

kkppvrqiprvaatalsgrelnvniyrhtnervarkandpepgiemqvenlelpvnps 

nvvserissv 



FIGURE 31 



wo 98/38217 




Rat SHT^c Serine Lysine Mutant 
ORIGIN 23 bp upstream of Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgntctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga a^^naatcatQ otoaacctta QcaacQcaot ocQCtcoctc 
721 ctQatocacc taatcoocct attootttoo caattcoata tttccataaq tccaqtaqca 
781 Qctataotaa ctaacacttt ta attcctcc oatootqaac gcttatttca attcccqqac 
841 qqqqtacaaa actoqccaoc actttcaatc qtcqtqatta taatcatgac aataqqqqqc 
901 aacattcttq ttatcatqqc aqtaaqcat o oaaaaqaaac tqcacaatqc aaccaattac 
961 ttcttaatot c cctaaccat tactqatatq ctontQQoac tacttqtcat qcccctqtcc 
1021 ctqcttqcta ttctttatqa ttat qtctQq cctttaccta qatatttqtq ccccqtctqq 
1081 atttcactaq a tqtoctatt ttcaactocq tccatcatqc acctctqcqc catatcqctq 
1141 oaccggtatq taocaatacq taatcctatt qaocataqcc qqttcaattc qcqqactaaq 
1201 qccatcatga agattgccat cgtttgggca atatcaatag gagtttcaqt tcctatccct 



FIGURE 32 



W0 98«8217 ^I/S^ PCT/OS98/03991 _ 

1261 Qtoattaoac tQaooQacQa aaocaa aotQ ttcotoaata acaccacoto CQtqctcaat 
1321 paccccaact tcottctcat caootccttc Qtoocattct tcatcccott aacaattatq 
1381 ptoatcacct acttcttaac oatctacotc ctacoccatc aaactctoat ottacttcoa 
1441 QQtcacacco aaoaQQaact Qactaatata aocctoaact ttctoaacto ctQCtacaao 

1501 aaoaatQata otQaaQaana oaaco ctccQ aaccctaatc caoatcaaaa accacQtcoa 

Start S312K primer t, 

1561 aaoaaaaaaa aaaaoco tcc caQaoacacc atocaaocta tcaacaateaa aaaoaaaact 

r — End S312K primer 

1621 glgigaaaotcc ttoacatjat attctttato Tt tctoatca tatoatQCCC atttttcatc 
1681 accaatatcc totcaottct ttotQQaaaa acctotaacc aaaaoctaat ggaqaagctt 
1741 ctcaatotot t tatotooat tooctatota tottcaaaca tcaatcctct QOtotacact 
1801 ctctttaata aaatttacco a aaaoctttc tctaaatatt tacactQcaa ttataaacca 
1861 oacaaaaao c ctcctattco acaQattcct aonottoctQ ccactocttt QtctaqaaQQ 
1921 aaactcaato ttaacattta tcoocatacc aatoaacQto tooctaaaaa aqctaataac 
1981 cctaaQccto ccataaaaat ocaaatQQao aacttaaaqc toccaqtcaa cccctctaat 
2041 qtqqtcaqcQ aaaqqattaq taqtqtqtaa gcgaagagca gcgcagactt cctacaggaa 
2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 
21 61 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 
2221 atcatgcgtt aatagtgaga ttcggg 
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Rat SHTjc Serine -* Lysine Mutant with Restriction Site 
ORIGIN 23 bp upstream of l-lindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga aocaatcatQ otoaaccttQ QcaacocQot ococtcQctc 

721 CtqatqcgCC X99XQQQQQX 9U9qtttqq Q99XXQQ9X9 tttCCatggq tCCgqt9gC9 
781 Qctataotaa ctoacacttt taattcctcc oatQatooac octtotttca attcccQcac 
841 oaogtacaaa actooccaac actttcaatc Qtcotoatta taatcataac aataoaaaac 
901 aacattctto ttatcatooc aotaaQcato QaoaaQaaac tacacaatoc aaccaattac 
961 ttcttaatQt ccctaoccat tQctoatato ctQQtQoaac tacttotcat occcctotcc 
1021 ctQcttocta t tctttatca ttat atctoo cctttaccta oatatttotQ ccccotctQO 
1081 atttcactao atotoctatt ttcaactaca tccatcatoc acctctacoc catatcocto 
1141 aaccQQtatQ taacaataco taatcctatt caacataacc oottcaattc acQoactaaQ 
1201 Qccatcatoa aoattoccat cotttoaaca atatcaatao oaatttcaat tcctatccct 
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1261 QtQattQQac toaQQaacQa aaQc aaaoto ttcotoaata acaccacota cotoctcaat 
1321 oaccccaact tcottctcat cogotccttc atoQcattct tcatcccQtt qacqattatq 
1381 Qtoatcacct a cttcttaac oatctacotc ctacqccqtc aaactctgat Qttacttcqa 
1441 QQtcacacco aQaaoQaact oactaatata aacctoaact ttctoaactq Ctqctqcaaq 

1501 aaqaatogto qtoaQQaaoa oaacoc tccq aaccctaatc caqatcaqaa accacqtcqa 

Start S312K primer n, 

1561 aaqaaqaaaq aaaaqcqtcc caqao qcacc atocaaocta tcaacaafcqa aaaqaaaqct 

r — End S312K primer 

1621 gl!§i ^aaaqt@c ttoocatjot attctttatq t ttctqatca tqtqqtqccc qtttttcatc 

t—Mutatlon to create Seal site 
1681 accaatatcc tqtcqqttct ttatqqqaao qcctotaacc aaaagctaat qgaqaaqctt 

1741 ctcaatqtqt ttqtqtqqat tq actatqtq tqttcaqqca tcaatcctct gqtqtacact 

1801 ctctttaata aaatttacca a aaoQctttc tctaaatatt tQCQCtqcaa ttataaqcca 

1861 oacaaaaaoc ctcctottco acaqattcct aoqattqctq ccactqcttt qtctqqqaqq 

1921 qaqctcaatq ttaacattta tcqqcatacc aatqaac qtq tqqctaqqaa aqctaatqac 

1981 cctqaqcctq qcataqaqat qcaqqtqqaq aactt aoaqc tqccaqtcaa cccctctaat 

2041 qtqqtcaqcq aqaqqattaq taqtoto taa gcgaagagca gcgcagactt cctacaggaa 

2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 

2161 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 

2221 atcatgcgtt aatagtgaga ttcggg 
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Rat 5-HT2C Serine Phenylalanine Mutant 
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